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5 [ ) 325 7 10 0 A2 3R G H 2 BB DRI, 32 FIRBRAR AR = B AE A B T
I BB TR L. H TREIE AR BRI 2L, IR 250 Al i FRU & Uiy >k 4 T
SOME, XX A TE B SE E B A EE R . AE R i EEE Bk, R
G276 = I RE VR AR AEAE T A2 7= BRI R B, B2 B ™ S W BRI (E . il an, BFsAT
b T2 AR F R BREL N KRR, FTPLES 2000 SFERIRSMNME AT T, X%
ATV BPI4T T 4 24K (James 2001).
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REVRACR AR — AV IA B g B2 — 36, DUNRERE =R, 19 3R E
BB FEK. 58& MBI B H R Al Dy Al I & AU PRI RI A e sk ml, ]
TERNB TS = BRI — AR, MAREELS. SR S5HRE =2,
B 52, RTINS AET S, SRR EBT R, 2R R,
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5 EBCFHBUT Dl 2 0 E kR, s iR e A B S b e, Sk PR
AR a4 77, 7REJRZ A7 (ENERGY STAR') J& 3 [ AR B (EPA) 5 3% [ I 4 (DOE) A 1
R VTS 738 e o I P 7 o 0 o A 12 S e N = Ny 4 S e /= i o P 8
ZERAEZARIE B T RS 5RE, FHT0Bh AR M 5t g i i 2Rk, A48
2 R E IR E REUE 2 B T RIET O B A 7 Re RO AT A Ak, a5 36 [ B ATk
EAE, LR ETIRERANEESHE. F2AXERCENERE, DAAMA
AP SEE YR BRI 2 AN T A, 5 M hE www.energystar.gov.
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B PR BB S BB ARG . RIGE I REA 2 T2 AMNBEE, MME
HT 160 123670, B4 2R E mAEre e —; 2003 FERREHESCHIZ) 16 145ETT,
EAZAT WA AR 14% 240 . BT IH AR — IR AEIRZ) o5 5C [H LAV REAERT 1%.
AR R PR A = RE R B 2

1= H R FIMES 2 it ST R R TR BE 95 23 (WBCSD) R A\ RN & K BB A T, MATTK
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BB FATIHRE R = R S 2, SRR, R4, RESE
WE P MR RS SAERHESIM. 2EBET I —FEA =2 2000 J5 13,
BRI E B 20%(GMIC 2004). 38 [ AR = B3 0] 23 DU G 11— AR 3 . il
WEBCHS . FEPRBCES S BEEEAT4E, R 1 ONRHE. 2003 X PAHETTHE R R EE
160 14,3570, E4EJE M 7 1. 70000 4 (U.S. Census 2005a).
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FRAEFEL 3R | JESRL g RAE R

I EHE

(sic) (NAICS)
b 1911 7911 FFEE 5N WA Sl 58 71 PR

SR .
Fokr ey 25 SEYESEAR IS TRt

—_— 3991 297213 i%ﬁ%\mﬂ\aﬁw%m\%%%w&nME
ek gl 3229 29791 TR, PE. BB, BN, s SomBE.
N B WA . LTS S A ) S W B B

3296 327993 FHT 5. 2 TS5 AR ) B A 3 1 4 (B 3 4 »
g A 292 29791 TS, CEisf 5Kk i g5 U4 24 5 Y8k 5
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FBIB AT AT LRAEEG ESE, FNTAER TR A 2 4 HE D B LA R
G T SEEA BRI R ZEPEFEM AN FL, BOHEEE RS E
MR Ee )7, Hizik 5oL S ot s S A s R 2 F1H 56 [ = E PG
FITTE A7 & (National Glass Budget 2004), a2 HIRT LA AL 35 2 A8
P FEM S I M AL E BN AR B SN o A BE YRR FE B SR 3R
s e A R, ARSI S P T N L a2k

R A S, BRI AT N R E B s REFEAT ML 2 —(U.S. DOE 2004a).
2003 FIXVUKIZFSERITIAIED, 16 feE oIk L, HHRAER 10%U.S.
Census 2005a). 2002 F3EEBEFEATAMIEFERT—IRBEVRMSTH N 331 JK Btu(TBtu)(WLEE DU

2 B T L o T 1T — 5 U ) B D A PR BB (NAICS 327215, SIC 3231)— BRIV S HAth Y ok
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W JEREE A Ay s ) BRI L 2 BB 8 T o
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SkJE: National Glass Budget (2004)

BAREEA T HIR R Z RN, M A AT, 2003 4F, PYREBITIE H
HEREE 27 /23570, G HFREMERT 17%(U.S. Census 2005b) o HY 11 6FF AR 3 78 38 11 e e
B, HINRAEA 28%KH H(GMIC 2004).

TREBI L] — 7 =4 1000 JI0, 23 E P ET " B R KE . Owens-lllinois.
Saint-Gobain Containers 5 Anchor Glass Containers — 5% fill i i Ff) 7= & o € [ L 3 3 1
B 95%LL F(GMIC 2004). IR HE™ dh I K 2 94T KA (64%) BEH1(23%), HAR
RNERETEHE(13%) (GMIC 2002), FETTIHIEMINHE(G53%). i 2%(21%) FETFRE Ok
(10%) 5 109 # (6%)(Cattaneo 2001). 7EIX¥eTily, IXFSHHAMM R IR . 48581
I T ) 58 4 A 24 R 2

2003 SEEEBH) HEEHM G T AN 15000 £ N, HIRMEAN 44 {23 IG(US.
Census 2005a). 2002 4F 3 [EfR GBI THFER) — X BEJR S &2~ 92 TBtu(EIA 2005),



FEE B AWK TR e R s . MEEVE RN AN 50110 Fi¥Ege, H
18500 /i HEH /) .

HTREVRIN M ST A S REATRHMIZEEF, VLS HADM R R Se ], s
WK 1970 FAKIALCSREARRIR) #. #8%F 2002 4, EESENNIEEIT 3K
TE] M 1979 1 100 2 KA E L) 55 K, —FA 77 360 1A BIIEHE(GMIC 2002)

PR B B0 R S [ B AT ML DU R T B 58 AL, 4E 4 500 JME(U.S. DOE
2002a). fESEHE, TG PARBIET N KGR 7223 9: PPG Industries. Guardian
Industries  Cardinal FG. Automotive Components Holdings LLC. AFG Industries 5
Pilkington, IXL&Hi|iERfE4x 3R 30 ZKILHE 1) (U.S. DOE 2002a; GMIC 2002). R
BRIFG P S A, N . S S OGRIGR, ERTEEER. MR EIR
AR TR AN 1 i1 80% (GMIC 2002). FrbA, 3¢ B BEEAT WA 5 E
R E T S @ TR R . i@ ST IZ T EALRERL, AR R AR
TR 35 ) 75 >R B P BE 1 0 (James 2001).

2003 4F 3 [ P H B ik s Bl e ) R Ead 1000 A, H TR EGE 28 143550 (U.S.
Census 2005a). AEYR K2R H ATt 35000 /53570, Hib 10100 JiE 0 NP . 2002 4,
5 [P A B B R 11V FE R — X BE R L 110 73 TBtu (EIA 2005) .

FERRBRBE ST 2B = = AR IR 2, IR A, 4. BB, 95494, B
MEARE G5 TR, 1999 4, SEEILA 500 £ K Hilis A= 100 2 Py ik
@i (U.S. DOE 2002a). LA BRAMEIM 18, HFERRIES I 32 B iy 9 T 3 N 97 4 47 45 (33%)
FRE. VRZE. BT m30%). BEESZEHEAE@7%). B3 ls 5y B (16%) .

5 [ FP R B R TV R R AR 72 200 JIMER) BB (A S G1 3T 4E) . (RS, FFIRBOE
&R OFEFET AT . GE Lighting. GE Quartz. Libbey Glass. OSRAM Sylvania. PPG
Industries. Techneglas 5 World Kitchen (National Glass Budget 2001; U.S. DOE 2002a).
JUE I J LA 56 [ R R BB B G A TSR, (B AR T R O B3 4 U2 W 7 b T
), bS] R H s E

2003 3 E R R B SR 1] L 25000 N, JEATA SRS ]2 55 (U.S Census 2005a).
2003 FFE R BN 41 123670, RelERIE P F 0 39800 53Tt (M 16300 J3 N HLEY).
2002 4F, FEFFRBCETHEFEMN —RBEJRN 91 TBtu, 1991 4ERFY 32 TBtu (U.S.
Census 2004; U.S. DOE 2002a, 2005b).



BORLER T IR S WS PR BORE 4E 5 919/ eb 4, REeEI2 T 300 J3mE
BOIHETYER] Ah(GMIC 2002). B IR 2T 47 il B 25 R 22 W AR RG 45 5 20 e W R RS 45 1) 35
WARAE. MR, EERR S R .. STyt E TIESBoRergieL, @5k, =
B f S KA e R AL BR R Al AL

7E[H, Owens Corning. Johns Manville. Guardian Industries 5 CertainTeed 2/ ] 32
= R I 18 4T 4 (1) 4 77 (National Glass Budget 2001; U.S. DOE 2002a). LA H Ee#iisit&,

B P B A A 1) v A T 3 R R MR 21 (39%) . T 5 Rk & (27%). BE
H (21%) BB (5%) B0 ELAF 4 (5%)(U.S. DOE 2002a).

FEE N 18 25 Jayols 28 7= b IAB S 41 4 VA 2R H R il i Mk (NAICS 327993, SIC 3296). 7 #
B HA. PESERETARI R, B, A DR AR A 4R N T T A
FEAN A PG 5 REFE RS . 2003 AR, SEET R G B R I 51 T4 18000 A,
TR Bt 47 {22 7T5(U.S. Census 2005a);  FH T-REUE I 2% F 4 35500 /£ T, H
15800 /3 FT-HL /7. 2002 4F3% [ i il itk 7 H #E ) — IR BE YA 75 TBtu (EIA 2005).

FE g 2 st A 4E ) KA Al 45 : PPG Industries. Saint-Gobain (Vetrotex)
Owens Corning 5 GAF Materials (National Glass Budget 2001; U.S. DOE 2002a). HT3H
N A R T 23 A LT 4EAE 77 51 TR BRI AT I3 T (NAICS 327212, SIC 3229), Jt
PAL 23 /A A e 2255 5 H REBGR AN BV, T IR NRRIR R .

HERE, PISLF4ERTE S RS TR —Rmiigs KH . Bl %
[] B 3 1 24 1) 3 i R AR IR 2 10 A5 IR BEFE(GMIC 2002), AT 2B r= i e il B
10% 2% 40% & 15 F [o] A 3 3

B 1 e E AT ML DY R84 1981 4E 4 2003 4E A (FEEY. I 1980 EACHI A
1990 FEARMEHT, BT AEAGE I R RE. A, X JLER S E B
FEEIFIGID, TR FEREIE 55 TS BT, KR [ 5K (A 56 4 H & E
BAM BT 5 A % ETF, DA B T35 00 B35 K (U.S. DOE 2002a;
GMIC 2004).

SIS R AR S I EDR R B 15 AR (AR 5 R 55 B T AR 2



Kl 2 36 [ B AT S BB I IR A BRI DTk, AT 1981 4E 4 2003 4 [A] %51
(BB . ad 2% 20 A R) K FE S DR B T TR R S S50 A, T AR BB 1) P s
AROEE TN S @EFO R TR ZH] T RUE), M FE oy 8 AR &2y
KT T A A 55 (U.S. DOE 2004a). {HANE &BEANHEIT], 5% I 353 il il i A7 2% 1 B
RIBITHCAR TemAest, DA4ERESEd ).
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B 3. FRERERES KA

TR ANFEIRYBEE ™ T RE A ARSI . B 3 B A A . RS T ),
L) B AT S B T LA

PRk JF R S AR & . BT E BB S B, B DAAS IR R B 7 i
AT AN . BRI A phbE . B LA SR R, RO E A, BT
A FEBIE H EA I PTAR IR L ThRE A M =28 ISR RGT)(U Si0,, B,0s, P,0s). 4L
V(a0 AlOs, TiO,, ZrO,) S HEES M 4% 24 K 7¥)(41 Na,0, Ca0, MgO).



VEN G BB IE SR NS s, H 60%MHE. 18% M —% i CkEAKE) 5
20% 1 — AL BACR B 200)°: HARE WIS A KA BRIRER . A5 65 5 B A (i
AAL).

WL S A JRR R 5% 25%; LA CUMEERE B, AR 90%LL b
oK B 9 L 3 .

HERIC G RH I, SEHs BT — s ORI OB BC 5 R AR &, IR G HLEE T Y
SHRE . WG] DUB AR SR B S B SRR N — i BB . R 3 N3
A IR o

2 3. N FIBI M S R BURAY

L . . B4 -

S i ] SRt E] (T ) S = BRI
TEAAEE(SIO,) [w%) 73 72 54 80
=AM (B,05) [w%) 10 10
AALER (ALO5) [w%] 1.5 0.3 14 3
FAfbiB(Ca0)  [w%] 10 9 17.5 1
FAbEE(MgO)  [w%] 0.1 4 4.5 1
AL BN(Na,0)  [w) 14 14 5
H(K,0) [w%] 0.6

B & EIF . 24 NHEATHIR W R T ALBaE, B 7SR BOERIE TZAHZ
A1 LR (B R 2 (R ) A AL A RHBOR R BT ( IR ), IR 1 ST K AR
TR K IBAT T K b = SR (2 b KA ) A Dy i o

L IMFATT R BN CEBRRHR B . SRR e ) B LD B (AR BEL D
W) 5 38 90 FH BB (B ) o AN DI 7 A P F B SR B v A e AR v I
EAT (I Re AP R 5 A4 = ) . FERE, BT % 2 A R EATInH. A
T B AN Re S AR AR, B AT 2 DR ST A bE . Sl B FRL 1Y
FHBE— 0 H SN BE B 10% % 30%(i5 I, Wooley 1992 £E24 (1451 1) 22 HUHL 4P (1) HELB

* [ g TV HE 50%% F H 7= 1 4t .

® ) B I B AL 22 S A H AR Y S H RIS A AT o BRI, SRR ORI R AR A R
ER S, 5 RRP TR SR A RHE S, 8 2 DR R IR B R B
PRI FEI ARG, DA 3B U 1 R (RIS ), 5 PR R P B T 5, AR AR . RS 2 (AR
Bob, — BHRSCT € RKr, mUE AR R S B SR, HURES 2 R P W] DAE &5
WSR-S AT, 3T IR B (R 5 AR



Gy AR 5] BB ¥ M Tk 75 (Hibscher et al. 2005). ¥ T FELAP 3 22 F T B8 21 4E 4 (Ruth
and DellAnno 1997) , {HWH FHRIRIIEAI A" VFEAIRT M ARG AEZE 5.8 TEE4T 4

.

NORFF—E BT, BOREE S RSN S AR SR SR BIERR R, YA
BIEA B B T RBh

G L2 (WA A T . SERXETE, BB ASHE L. 2D
s TR S A B HE N BT 1

G DORE 1 55 ) it ik Gn 45 B e 0 AT SRR L, 2 R aa A T L R T B v (B AR
BAT), [FIRPREAE G BELE M Bk, IEEMEHAF G R IEK 2 £
9 4ELL k.

BRI RERNS KGR, =R IEE 2 BT B R G A R G RIUR TR &
Fkge, ARG EER AR . ARG, JRFA & RS gL
PIRAZ AR RS R (EM ARG, RSB B kTG FUE R
AR P EREHIEE BB RS F W RN s, 25 /M diH X
He . A EmERGEE Y 20 708, HEE KM, BRI IR RIAREAT: R
WA e 2= MR S BT TR B I B, 2 5 TR SHRHR S o AR AT )30 A& 4%
fil] 28 GEAK 8 fre e BE RS U E B 2EAT IR

T

>

Bt R Gk R G N IR SR I AR T R SRS A (0 FH =5 P9 SR B ) 1) 253 AR A
SR BRI TR . IX T RR S TR B R 2 A R AR BE AL 50-65%(Whittemore 1999).
RIFFEEHA, SERGEIWHE, DRSS AECRIF RS HEE

— LS R BT A F B KB I &, BRI AR BRI 450 M, {HA
(R AT AL BE 1A 2000 W FRT SRR s 170 JHRL 088 3 B 2 R I AL BRI B2 24 0 250 T 42 350 M
(GTI 2002). [EISCP 5 L T V22 3 3 S O B By . R 2R B g s -5 T 3 33 26 1) e
RS R 2 IL(GTI 2002). BEHEAF 42 1 H H ALy 70 %2 90 Wi, Z5ZBF A
(B H AL 50 90 Mi%E 130 M. & il 5 W BRI IS 25 I A Bl R b i), R A Re
AEPE 4 WEE 22 WE(GTI 2002). PURIEIFIR T &G T AEH BTG 25 H 90% & 3 Huls
.
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Persda a H Al AR N R IR . B, A LO3 3y A 70 45 FH P B I 64 88 ke ekt 35
BRI, ORISR mr i 2 O B SR . @ W I TS 2 A 10% % 30%2
KB B EMALE (Wooley 1992). SUEBRRIBIHLYEN A1 5, Ml 322 A TTHIE
$5€ i (Ruth and Dell’Anno 1997).

W TR A =, IO B BN R MRS . S BRI it EFEUA
AAHEBCRE, RIS BRI e A .

G LE(WARE R T . S XETE, BUBEEIA A . 2K,
I8 A 2 AE R E N TR BT ARAG 1Y

HIAR B DAL TR BRI, (SRR RE . JHE T IR IRE . IFREIN A
R 21004 . BORIOIIRE SR A O, JFROVBIEERZ I SIMIE R, X E
TR ThEEH <.

W, SEREFEPRE, S, BRI IE AT, A N E R
PRBLUHIREIE (RIE, IR BTN 2 EAE A T IR B R, ARG A R R
FEo REAGIE, X REEE AR, S S8 IR B R R . AT
AU AR B AT I A

R o R P20 A A B 2 L T MCHIT P A% 08 55 R A B (IR R ). IR T 1
PP, B RGPE A B AT AREAT SR R (PR I . B 2T 4 ) BT 70 R E L S
RH), %2 B GIEEDE) o

I, HATHHE. W) RRE R H R T2 M. fORLFL D3 BUE
R ORI AR AT, PR AU R SRRV AK S S v e 1 B B SRR (“HT”)
] E B o [T N R ("TRRIL), PO A R L. A T B PR B R AL, B
FEORG VR A S N TR, P g i AR R S A R R o R 3B R R AT ) A SR B
Jeidid B, R AR BIEYIE Y, FATEE B R RN, iR e €
AL (AN DR AN [F R A1 22 2 A RS A S 8 W) J8E, — S R#ENLEE S 5]
#ili& 200 Z AP EE .

HAPRIBFE A, NEEFERE T E. EEhf(hh. Th. wmiaat),
BEERL T F . FEEBRE A 9L E Pilkington Brothers PLC A ] & B IEE AL . 1959 4F

KT ZRPEEATRE R, H AT O o2& BRI B ) 32572
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AT B B MR R RS, SRBEOERI(TFINE") . kRN
HIOVEN T SR A BARH, BRI T E00R AT 13 TSN DR A Y
B, RS 1800 FE(HEIK 980 FE), A2 DALk EAE B I P R T Y B B A
XA BB ERRE AR . B o M7= F S EFEAEEIK 1100 JZ(#IK 590 [F)
T AT A A SRR B I ] LA VA, AaRi@d g i mA e, Rm
AR T2, AP ERKEEITREE, REETEKEY.

AL E LA BEEAT 2.5 JHK(0.1 %7)F 25 FEK(1 56-H PR . —8F
IS T AR B E/DAE 5000 MELL L, H ARSI KIEBEZ A

JRACIE 3 55 e 22 22 A e B R ) g o SR I LR 2200 g iR P 0 s 8 4 1) 3 B v 4 2 b 5]
NGBS BB . S KRR, JEE R —umRFgER g Bk, Wi B
WA — Ui E A, NI RS ZIA G il B E AR SR B, w
FEAEAN R E R AT, — RN T 4 BOKZE 15 oK. RACHEIE IS R AL 5 )
NAEIG 1900 (%K 1040 F¥)54EEK 1600 FE (HRIK 850 FF). YR V)& 1) 381y i
WIRBESCHE, JFAESATUIRIRIWIAT, Jeik NI KB i .

B 51VE H AT 32 A SO

WA YT E O IESBIRLAE (W TT 2) 5 DR (T IRR) . ELLDIRET YR T4 5:
JR2z, MRKERBIBLAM. ZHETh, BB ZERIE B 1600 2 RIS L
HRALR S A e 4L, S SeEAE ™ B P R SO iR 4, P& (LR AT g s 4000
ANEAE BLas DArsdofs B A 2248 T e I se ]

B IR A2 T B A ) AR I 2 e e L e AR BRI RORE B R, R B B AN
SR R N R EL & G A, B LA BTN RO IRERT,

PO AL, e san 2z, 8T R, A 22 Tk —ob e AT A AT 4
s b A E R AR, LT R A T 7 KA R B g i R N SR L 4E
FHENSAEBEATRE S I A )5, T AR BT a3 R

LT Rt v 20 B R B RS IR i, o A PR BRI, L s S O B A
RS R A DA . S8 S A 2T 4R o 12 R & ST, 2o e i g 7 A4k

TENF T EMRAREASAEE SRS, R 106 A8E .
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SOMER . EOCLF A AR 2 R liE T2 BA KGR AN 5 2 B 3
I, WS T BT ARG B T Eanh 5k s sk, R TR TE
R R, FF AT ARG R e R B3

HAT, A BOs e g n) 12 R IS, iE A m i BRI B b .

JEIRI. AERAZMJEIN AN, UL sl Rk, aniR K. RS TRE

BB, I E TR KA SR, AT LUV R B ] R K AR . B,
WHE B BRI B MAZR AT RIS 800 (B IS 400 BE)Z AT 1000 B (H#E K 500 J¥)
it ¥, MW FE RTINS E R, AU EAEER. 1B
Fr 5 I TR 77 oK /N 5 0R K BB BE IR JREFE 389 AT AE — /NN S8

VENGESE I SIS f . BRI BOEREACN, FPEB SR HR)R, W
PERT Lk B i R JRAE Z kv Ha P B R N AT, OIS B T e v K AT
TP R BB . R BN S ] IR A B . B R A
REARTE,  HLICHE M) i IR AU R I RE S 2170 Ao LB AE AKX, (HA]
R ST E SR R BB I 5

BRI RIZHATHEM (W08 1 SRR . nth) 2P EEONE,
JeLrE . AHEERIRMERZR EAVLEY), RIZ SN, 8w o)
KR, AU R] 4R R A SRR, R G AT DA P R R

f e 0 B BRI fh B . AT P BE IR EANFAT LI P A
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4. B e

F E B AT BE A 5, B P AR 14% /24 (GMIC 2002). 2003
TEBIEAT I DY R ER T T — P AR e . RRE I . RRIRIE 5 I 4T 4 —1e 9l 16 143%
JCIE SRR 5 HL ) (U.S. Census 2005a). FHidt, #AKLA 10 123870, Wb 6 1036 7T.
T SRR R 2 BRI, RARS M SR K T2 M 2R, i
WA BREIE, ZH T, KWL, R, KT RR 5B E. K8/
A SR E BT R, F R F 2 T E BRI REFEIEAT AL .

* 4 XPEEBEFATI I BE R TN T E, B SRR N 3E E BE YR HE R A i
REFETR AR5 (EIA 1994, 1997, 2001, 2005)8. HH T iZ4R 55 Ak RAEEZ B OR, RATE
VEAR YR AZAR B PR el 3 3 47 b FH B A0 B A sk 1] 2 2 0 A

R 5 4 2002 3 HPIHATILRERE T, 12BN SE BN DT gE T R AR R I R A
e (ASMMESEAF . MAZHE BT & I8ER, FATG 158 B 347 ML I R#E T 2002
I IRAEREDY 362 TBtu. FELLECKR 4 53R 5 Ja, AlE MG REFE R Al & Al 5
BORAT A BT REAE R, AT AR G B R S S AU BERE R . X MR
T LA BUR AR Dy AR BRA,  BIT DART DAAH L LU . 4 P ) 3 b i 25 4 o Al L e A i
e E G R ARIE M RRL S, BREA 2002 4F AL RAR LIPS0 AS, RS REA
AR HilIE L REAE T B IR DT R, R IE 1 ERROS REAE R
IR ER S . AL, HEE LR B R REA IRAEAB SR, SMEERA T,
¥ 2000 A il BEFETE B A BT AR S . EE RS 5 A EIE 5 2002 AR
] 3 b VA AR A AR R B AR AN S, RS B AT M DU R T T — U REAE B B A
T8 331 TBtu. T+ BIRERMI, AfTHE A6 E K -

PHR 4 QRN RIGREFE S — KRERERIAG T, KR R FE N T T SRR 5 R AR R (R T Y RE A REIR) o
—IRAEFEL B 2 REFE 5 0 SE i DR L WA A S R i R R AR (R RRVR ARG . BE USRI T B2
K 56 R 46 K 1~ T S H g 65T FLIN 1) R VAR A7 AH 24 7088 Btus

1991 EL 1994 AEMHIE L BEFEVE AT IR S LA AR B . MBI . SRR SR SRR, Bz
) SK 3 B PRI BCHE (NAICS 327215, SIC 3231). 1998 4 ffill it Mk REFE A A i 5 A 3 38 55 B il ot A 7= A7l
Bl , b e ooP RIS . MEERCES . RPRRBOE S B, (A DR EE . 2002 ARG AR
VA AR IR A T AR . B SRR SRR, (R SRR R s A

% 5 RIS RARYE 25 BN OO G804 5 i Mk R A R A 10 BcdiE . L 2002 4F 4 T R AR SCT
I AF 1000 ST 7R 4.02 570, /S H(U.S. DOE 2005a); SR A H B2 i34 2002 4E2E [ A [
GUit S I AF A R A AR S S bR B . TN B, JEH ITE TR IR A S T R R
TR NIX LG NE . EAFERERII ST, 53R 4 MIHE 7M.
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R 4. HEELAEFE AR 5 A RS E BT ALK BEFERR (TBtu)

| 1991 | 1994 \ 1998 \ 2002
BTk - 23
i) S H 39 43 42 42
PR 3 4 3 6
RIS 140 199 159 153
—AHEFEL 186 249 206 201
H, 40 81 89 87 87
—KFEFEL 267 338 293 288
AR B
i) 3K HL 7 5 5 - 6
PREHH e 2 - 3
RIRA 42 45 - 52
i REFER 49 52 - 61
HL 4 FE 10 10 - 12
—AFEFE L A 59 62 - 73
ik 258
T S H 14 15 - 13
BRI 2 2 - TR
RIS 69 66 - 52
A EFER 85 83 - 65
L 4046 29 31 - 27
— K REFE 2 114 114 - 92
FER T
i) S H 10 11 - -
BREHH 1 TR - -
RIRA RE 51 - -
2RI FEFE R 11 63 - -
L4 FE 21 23 - R
—KHEFEE 32 86 - -
e
TS H 10 12 - 13
BRER RH TR - -
KRR 29 37 - 35
LI REFE i 41 51 - 48
1 /406 21 25 - 27
—KBEFEL 62 76 - 75

. EEBEIRIER S (1994, 1997, 2001, 2005)
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R 5. MIEERFEL A TR GHER RS EEMTIL 2002 4E TALEEFERL T (TBtu)

R E] TR FER I R AE
i) S HL 7 7 13 12 12 44
T SRR 59 66 53 45 223
LI BEFE R 66 79 65 57 267
L 40 15 28 26 26 95
— K BEFER A 81 107 91 83 362

Kls: EEANDEA)E (2004). EFEEEJEES (2005)

o LA, SEEBEEAT I RESASE R T, ORIGIE HILAE 1990 FAREIA. K 4
B3k EPEEAT I 1992 4% 2003 AP HRERA . HRERCA HIGIE M LLE . FHEE
FRAS 5 SRS B LB . 1999 4FJa I RIBG, 2 T IR T [0 A IE) R AR S A% TR R
1999 % 2003 (A, 3 E T RINTFHMAE NG —T 7RI 3.12 £, sk
% 5.81 70 (U.S. DOE 2005a). R HREMA A AR L E, 7& 1990 FAHHE 2
DURE TN, (HEHEERAMN 1999 FFREZFHA, FNRINFNHES 1 H I
T o

20% 2.00
| FRA R REIR A
- 1.75
15% o - 1.50 &
| c
i=
' L 125
510 wv e
= | O
£ 1 >
= L 075 5
c
| i,
"] 050 E
% l ——  BRERA S HBRENKE 0.50 5
O—  BRIR)RAS G ME I L E | 025
| B BRYR A
0% T T T T T T T T T T T 0.00
[aN] ™ < Lo (o] N~ 0 o)) o - o~ .
o 9 9 9 O H N O O O O
& & 9o & & & & o © © 9O 9
— — — i — — — — N ~ ~ ~

B 4. SREBFATILH RERRAS K S a3

Kyg: FEE A DA )R (1995, 1996, 1998, 2003, 2005a)



Kl 5 SEonFEEBEITILAE 1992 £ Z 2003 FEHPIHBESCH, SCH O RN S 2K,
FEOR 1990 AEAUH R R 73 BIRARES HL 77 S H R T B LRER,  MRRSC A Bl JLAR 2 M
PR () e (2 R RAR AR BRI ) . 2003 48, #RBLSAS & 96 B 38 47 F A
AT =432 o

FE B AT IEFER LR RANE LN . & HE, SRS RS IR
SEIASE] 0.1%2 [ 771 (U.S. Census 1995, 1996, 1998, 2003, 2005a).

2.00

175 | O ®

% Hi(10 123 7T)

N MO g 0N ©O© N~ 00 o o
D O O O O O O O O
S O O O O O O o O
T = 4 —H —H =+ ««H I «

2001
2002
2003

Bl 5. 3% E ST ML REYR ST X B Se ARt

KPR: SEE N O AR (1995, 1996, 1998, 2003, 2005a)

5 E B AT SERTREYR 1, £ 80%H T L2, 228 H T Im A JEURE DU e pi 353
(U.S. DOE 2004). HLESSRBIHLIEAE 80%IW K IREIR, ) BOMRMIR. I8 X5 R 2 i i
M FELT A% REVA o

PR S AR HAL BE MG (R B ) S B BEAE ), A BUR BGR F IS (RIAL 22 70 ) <

HERLT & IR s L] . T2 Re 5 M2 (EEBPP 2000). 3£ 6 KB 31Tk 3 E
IIFEAE P2 B I FE b 1 R B L 2D IR A S PR RERE AN T . IEVE R BRI A
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¥ SEFR REAE B AT e AL 2 By SR B I Bt B 22 57 o P AT BB T 1] v RE R
SR I T 2D BN SR, RIS RIH &, DB EAN A EETZ
PRI HALRERE -

R 6. FEAMIIEELZ DRI ALIBEHFE

TEpm SEHY AL BERE (B 73RN /)
PRI | RS R | REg4E
B &k % 0.3 0.5 0.8 1.1
JE A s 6.5 5.8 7.3 5-6.5
DRt 1.5 0.4 5.3 1.5-4.5
J& B/ I L 2.2 0.7 3.0 1-2

K. £ REVRER (2002a); Rue et al. (2006)

B E k& . IR TR3IET . RN TREIWL. 2erl 5480088, Blak
| &SR8 SR FRE: TR ES Y 80 T FLES /(0.3 F /T S AR /I) . BRESAF4E Y 340
T- LI /(1.1 B 3 S PEAA /) (U.S. DOE 2002a). Mo-arkHl 45 iy B ke — i o5 1) 4
REFETR H RN 4% % 5%/ 47 o

BN ERTE. RS ITIMCSEE, RYEEE R eftRm 1 T 285K,
Hig b, AR TR 2.2 HTERARAL; SEhR b, R 2 BN IR A I FRE
BAGE, BT RR T SRS 0 te ) (EC-IRC 2000). 3B, ELEAEEPHATIAL
IS FE 33% 4 40% A AEVE (U.S. DOE 2002a, Pieper 1997); =ik 30% ) AL I £ K15 A5 45
R R, FLAx 30%REVE 2 CE M= HE H R e i 2

WAL 55 T2 0 H Be & R IR B T B b 22 i 5 IR B 2, DARIE & FRR.
e[ AP AR PRI . D I SRR R B, A8 CER A I B R AR AT R
IR Z I MAT BB . FBEEE 5IS 2 R FERT 10%% 20% (U.S. EPA 1995; Wooley
1992). HHBIERHEZE I TTER 2% % 20% 0 RelAm N o (R EES IS 5 AR B F AT R
FUBL R BT, DTRRFELI A 5% 2 15%, BT 4 fL 9% (GMIC 2004). Wi A8 KA
BHEEEOR, A it aft . SBEAE BRI, KR8 H %

S5 ] BT B 0 5 FE BB 0 T BRI, F O T R F AT
ST TRREAR AR, KL S R T R . RS BRI 4E T
. GISUFRIRERE I 6.5:0.5 FTJTSEAAL/M, BN 4.550.5 FT JTSEA AL
/W SRTHBETT &, SIS T 20T REAE TN 6.5:0.5 7177 SEH R (/i
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WKL, ZRNT 5 [ HIEMEN/MES 7.5 7 5 S0 nn /i, I RE B A 5 v
TGV FERIREVR S TH N 5.75+0.25 F J3 5 AL/ (Rue et al. 2006).

R 7 IR SRR, RBIEAT AT AL REREAG LB 1R, 2R R
PR PR HR A A R o 2 B A P B B A R, AR R SE AN RS 2 BOR (1038 &
FESE o

R 7. PR E BALREFEA THE

P RALRRRE (FTTSERRAL/ )" |

BemEERI/ HHfHE

YEE PR Tt KRR .7 WAk p o —WRBBIR"
PR B
AR 80% 8.5(6.2-11.8) 0.3(0.1-0.6) 0.6 9.4
PRAE] 1 4R 20% 4.7 0.7 1.5 6.9
Ha, By A 5.7 (5.1-6.3) 0.8 (0.6-1.1) 1.7 8.2
W T
A 70% 7.5 (4.8-10.2) 0.3 (0.1-0.5) 0.6 8.4
ENijp e 15% 4.7 (3.3-6.0) 0.8 (0.6-1.1) 1.7 7.2
PR 184 4 30% 4.0 (3.7-4.3) 0.7 (0.6-0.8) 1.5 6.2
HLIA 2 n.a. - 2.8 (2.5-3.0) 5.8 8.6
FER TR
A 26% 5.5(3.8-7.1) - - 5.5
BRI E 34% 12.0 (8.0-16.0) - - 12.0
PR 4 35% 3.6 (3.0-4.2) - - 3.6
FHL I 5% - 10.3 (8.9-11.6) 21.4 31.7
(RS E P
HLIA 2 55% - 7.5 (3.0-11.9) 15.6 23.1
AR 10% 7.0 (6.0-8.0) - - 7.0
PR 1A AR 35% 5.6 (3.4-7.8) - - 5.6
i85 B4
A 25% 10.5 (6.0-15.0) - - 10.5
PR ] 8 4 75% 5.6 (3.4-7.8) - - 5.6

SRV 2 [E fEY 5 (2002a); Rue et al. (2006)

YRR S AR, B REAE T R R AR

BRSPS R RS SR, RDAET BB #5385 7,088 Btu(U.S DOE 1997,
2002a).

BB TG LR R AR SRR, A B e S
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g 7 Fron, ARSEEPEE, REMFESSHNEES, A aerepibn 2 mmK.
SN A BE A R R A A AR A vty R/ RS AL B AR 2K
Al e A R RN S (22 ks s A e TR R R e ORE, O AR 2 BRI AE K

A A I B2 NSRS, DLURRR IR S B 2T 4 ) i 10 1) I 7
HLJA 2 i R L Mk R FI RO AT BB AR |t —IRBEFER (T R E B HHE), |
AT ELAR(BIAR BT AR IR AR R &, 1Rl B (IR T 52 BIRR ) . P, U a
R KA 7R B0 300 Wi/, BB A LE A5l 2 DR D H LA UM (K040 27 s I B e PR 452 4
SR A2 BURR A, A8 A BUARTR KA B S AL A dm A DU 4E . AL, M T RARA
WEE, HIEERRRIL AR, BEEHD AR D, (AT AT RNE
B, WRIE RBOE. SR, JE RS AR A A RE RIS R E R SR B

oL — Mt o "8 R 4 B OE OE & 10 Mo OB o W
IS Z TR E R, HUR AT A AN 1.18 TR /A T(1070 T R /45 1)
(Fleishmann 1994, 1997). i%iA /251X (4R EE 5 A & 0% e B A 28 Bk (R Tl 2R
TiE ) 5 e PR B (T . JRESE & HeR) . I ESRERsHEESR NEES
B2, BHEE SR EWEEEE, MEIERER. WIBZAENEER, WAOHER
HH AR S A P R A G R (AN S I B L ) :

A B (T FOI /A ) = 1.3 - 0.0066 * &F H A 77 & (i K)

1% U 2T (A I 2 7S A R 2 ) BE R L HA S 25 R 18 1, BRI A P s &, ik
BiRmBERUN SR BUR IS A REFELIN 780-800 T FLIN /Il (A A7 K 5 BN A IR 2
P35 (Hibscher et al. 2005).

B s 2 B o TN . 77 455 J b v @t Pl CAASSE R KOME J32 o Tk KOb JoiE m] DA FH 3 () SR A2
SR, BT KM RS, SEEER AR R R, BT N EFE,
BeRE R 2 LU FF 4G 050 B I 227 H 20%), T DA 58 #3638 (EC-JRC 2000).

BB BORME NI SRR, BN SPOE E AP AT R ST, DA
RAE R B R IIR, BT LUE AN R T 237 BB (W2 =) UKL
IR G IT. BAZEHT RSN KL, BB B4yl 5 %miEd (u.s.

AR 2 AR R T L TR E R S ARG . B2 TR R, R KRS
IR AERS 2 Ut s ik e BT DAFERFE b i, AP R BRI R B R A8
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DOE 2002a). &7 T EORHGR LR AR LWV, 38 W 2 R (R AR R) 5
KAz T 2R AR IR

FRY IS PR BEFEAR RS A0 B T 777 i AS B I AR 7 I 1) SO R AR o5 — IR REFE ) LL B W]
T 12% PRI IS S 34% (FKIELT4E) (Babcock et al. 1988). A7~ FH BKHEN, )+
B4R AR SRS . A EES ST, 5 m A A 40 2 A (R A
5wk 5 B 48 73 <05 L) RSN LA He ) (He ) S5 W) o AR P RE IR R A
FRIEIS — il 5] . s . TR e, P — B IR AR
TENRINE,  JUJEAE F o ) (e 2% ) S5 R (s 5| BRI K R )

® 8 4th T BN PEHE I TP AL e FE Al THE
R 8. FHRA T LI BAL BB THE

- N P BAAT RERE (F IR /)
BRI a7 R T
AR B 1.5 3.1 4.6
L 8 3 35 04-0.7 0.8-1.5 1.2-2.2
FERR R 5.3 11.0 15.3
Pt Y 2-55 4-11.8 6-17.3

KIE: SEEFEYEFES (2002a)

FRAESEINT. BOEH M R&RME, TRaEad 2EE RS EmT2%,
B/ T B Bl Bk RE. R, UIR. W, k.

bR T B AT YRS AR (AT IR b, AR AR k. IR KAEIR KA
(FE )R R BCOR AR R HL 3 ) BEA T, B K AT A 28 il B v 2D, DA 26 BB 1)
WEBRL ST KZHUR KA (90% LA F)ff FH R SRS (U.S. DOE 2002a). 1B K T ZHEFEE T 5
W L) AiunAe ke M &= ) 2% % 5% (EC-JRC 2000).

5

BKJE, PRI (JUHOR IR AR IR ) EE 25 [ KGN s e o 18] KAT £E FL A
BRI TR E AT o IR TRBSRAL R KT, 35 2 DU th 257 75 1 L

UL R R I S L T, R SE R R I e 2R 8, RVAET BLIN B sk 7,088Btu (U.S DOE 1997,
2002a).
1 RBEREAE TS AR, PO BRL BRI S .

21



HATE R, WA PRSI <k E— 2SRRI el i, 2 EIEANEREHEL
W, DARIBR E5RE TR mkE 2 HUE HH /173 (U.S. DOE 2002a).

SERAR KA, BORMEER 2 B AT P A R PR m pr R, PR O A Y LI Eh Y
WE I . 91 BIEAE AL A, B AT R R R

PRt MR Zad B 5 TR L Z . BOEMmLr4E ik e m 2w Bk &
7, SERUE BN il A ) E AR AT AL, A E O TR LR = RUE
PoEtn . B TR E SR RN, MRN8 T2 BAbe £ B AL 7 4 1 4%
REA BT

R 9 NPT WA A A S JE I L L A REAR AL THE
R 9. FRALE JFIM T T Z A REFEMTHE

P BAAT RERE (F IR Ar /)
BRI/ L2 ;ﬁ;’ | BT | —wee

IR P 5

Bk 0.4 0.01 0.02 0.43
]k (RARR) 4.0 0.19 0.39 4.58
=] K (FA)) - 1.85 3.84 5.69
ZEE 1.0 - - 1.0
m R 0.5 0.14 0.29 0.93
L 3 7

Bk & JEhnT ‘ 16 ‘ 0.23 ‘ 0.48 | 2.31
TR

Bk & JEhnT ‘ 3.0 ‘ 0.05 ‘ 0.10 | 3.15
PR

L FAR 4.4 - - 4.4
GBI LT YE 33 - - 3.3

KeE: SE[EFEYRES (2002a)

1755 L T ARORE R ) S L AT, AR 96 R B I e R 8, BT BURS #4 4pl 7,088 Btu (U.S DOE
1997, 2002a).
18R PG I R A RAR A &, RO F R TV .
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5. RE BN ES

5 EH PO AR S RER FII GRS BB BEE A L. SRS IEE T IRERL
NZTTHET. B, B MARRSEEHEI. REERHETR. RERAEHE
SESARATYES . & AR, DENFIRKIBEOE, Pk, BOE T ReliE AR E BN —
s A B RS AN A T LA s, BEATA GRS al EE A A
MRS T E. AL T2 s A IR LI RER) Rt . Ja, e
Rl 36 Z AR E L 2ERHT, ALEDIFHIXLEABMRKSIET, 4 REE AR

MR —FHEAR KL, ETREEESLR T 2REERTZ. HA
e — L) B, @A FE LA SRR E AR L, O RE IR BRI
Tl B AT 2HAT

PR B RARIE S A& ARG (— M R4S, bl BB SRR, 287 0mis. 3
)BT Z(BC ARk 4. WAL BCE R DI R RE E L di . R, IR SR,
X REFE EREAT 7028, 2R 5.1 FEPXSEHE S HARE R B ) AR E B 5 el e
TRl BEATRGIN A, AR AT IS B 1S, XSS BB AL R S T Ak
AEE, RN WA ARSI SR ] P A B A LEA PR ot At
Tk B s E S T, e/l BRI Ji(Rue et al. 2006) ftittBIEAT
AIHTRERE 1T 20% % 25%, H DUPE I SGEIE oE, EE S BIOVER . BE
RN 1S # AT W=y S a U N U S DV ER=

IS AN AL 23 AR (4 B8 v 28 I (R 4 L AN T]) 5 S8 e AR TH AR & A S A, RN
KA RN L) AR ELZER, AT EEAH RN RA . £a5E
MO, = se PR L s SO AT SRR B B 56— ATk . Wil SR RE JEE (Y
SEGF TV AR BEARIE AR A A I RA S . (X ST R RO, LA fE R et
HIBdE 222 o BATHUIA TG R 5 2 ST [T WACYIVER B R A 75 36 12715 e itk 1) R
FESE, PGt — 22 AT I

CASSREIBRE L) 15, 259 RES i S B i RSO 5 5 Q0 A, = RONT B B BC B Ot
R AR R BT RO SR SRR, M IES . AR EE, X
2%, FONEA B S T A7 Pt 7e, tHERMATHETE A . TRER
W, BAT RS PR A F A 00T Q& S RO, 2R 10 FIH KR
Jiti 38 FH R it B T2 2038 i, R M R F OV RAE. 3R 11 FIH T RE
e E L, R AZSE I L Z A NRALE,
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R 10. JEIATALR A K985 T2 (B0H) 77 Be i it

REVR Rtz R4
M5 R4 i
Y B EAARTIEY
g FLIEIlg
AR L I RARSIEGL
RPN T 1) F 45 25 /S R T2 AT R
BH ARG FEAEHLHLHL
PAFA 7 U 4 23 RATgeR AR E =S
P v B R R PR DR SR
I WA R E
CIVIN=SLa BRI A S CAEE RN
Y HAL R/ NE Y
W IKEN DR IE
I/ LR A4l TR (1A T i)
FE KM RH FBHL IR R R 4t
@@ mE&sam
R B 4 DA e 5 B G AT B 4 S i A T
TN AT B A ATUKT PL AL
H I FR7R—LED 4T B4R 440 F PR AR BRI 2
FH S SEAT BT BEAT B A RT SO
DL T-8 B8 i kT AR T-12 EFNiGLE
A4 Ja i A AT B8 s R A T B /K ER AT St R4
L meSEARRRs@ GRS 0 |
B DOK AN NNt B — DAL B A BRI B
A IR G HOKELIE
RSN - setal oS 1k B (£ UL
BRI — 0 ORI G VR K IR
Al Al YEAP 2R /K
B g — MR RIS AR H 2 M 3% 28R B 7K
B — A4 kK (E2=REin
Br— MHES 2R G R [T N 2595
. FeETImREREGse® 000000000000 |
R 25 1 — g 3 A M 1o RO R A
LA BE @ 2 T BE A it A
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R 11 BT R A K T E MR Re it

i — A A FL
) IR AN 3
Byl 5 B8R
BRARIC A} TR Wk R G
PP AR BB B S R S
A HIE Y WA R
AL
TS EEN RS fiif K /PR AR
Bb 2RSS [IE FeRbed B T8 U hE
TR A BE S BoEap o
TERRIFE KL 22 2% T R DR B 2% RE AR
PR IR AR et Ube g
HYE A B A AE
- ECRERAGss2
I ke B IA NGRS
A SORG' Flex Z34f
o REesEmmpGses
AR R R
EL R B (45
T T A

R A L e A A TRAEC AR B

TR A AR R 2
A AR A B

T SR

T RLHT A s

] PRl

Ptk pilE S ™ i TR R G
IR AR PR Z PN
IR PR Pe AR 1o U S 7

oy Braln e R
R T [l S S 2T 4

e IR RS EAT V)%
SIS T 2 A A YRR £ 45 B I (] oA MR
BB




5.1. RRIFEHE RS 51X

SR o s A I BORA B T RE, BU S TRAT NS B Re - AR e . 19
RESE IR m] B B Al 53 TR T REMBGA RN HW TAE S . 2R R A REIRIS,
ZINEE BOF TR AL AESE R RERC LI B AR S5 . I BB 2 AE R EE, A
RIS B e EN Gy R 8o N J& 53 T E A% (Caffal 1995). X 5 T A5 GEAT N WIHE H %
BB RS R BRI R . B A TLAT Y e R IR Y R T RE
AL, HRKIETR, 20 e TR & 5t I BOR St i

BBl M B P R St T RS MR, 7 0 a0 B R Gt DA (R Aok 1 i A RR kit
17, RARHEBEIEENE . 32 ERRE I BRI E A, ARG WL R 1
KT BT REME . A BT R 1SO 14001 258 FRAAHY, DLRA{RAEVRE FEAE AR
B BEIRZ BRI — O A E R 5RIE, KReIRE B RIS 150 14001 i1RIZE A,
XL R AR R g, s P AR R

R BORHIE RN Z L HTE T AN5%E. ¥ B M REIRE BRI
HEE, ARSI R . B, W8 DA e 5THHEEANGZAAN T
P REE TEEARCIER, WA SRUEN S RICES ARG, O SCHRIESE
AR . U RGO ST, Wfdm TR AR, thagr A B2 N RE
RER . Fioh, KA LT R B e I AT RERCR

REVREE TR RS E B, DISCR R IR BRI 0E, SRR RERL
BRI 5 BRRIFE R IHEZ .

REAEAS LT AR EEMRIEE PR B @ AR SR 2 b, PURIE A 252
HR A A BRIV BRAR AR 5] o BRI BRI [ B T R AR B R AN e B A — I
111772 e LAAH/K KU 00 77 AR T BEHL = FFFr AT AT RESE It . 1%, W AR BT R =i fE
PE BT RIVENSCRE, BERESCE M0 I = OIS 220 B T = k3 SRR R I,
M LT KA o

BOHERIL 2, 1 R It th 2 32 ] - 2 24 P

W RANBAT IR RE TR, REAR
REC Al L) TAIBRZAIE . AN 1 e e 3 xt

05, TR BT« A ]

PR T EHOR M E SO RFEFRITE AR, w2 Bhl. BT RG S5 RN,
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TRETH I SCRr . B IR JovEX Y RESE it 55 TR A A A DR 1 2 2B 1
JEREIR A 2, AR 2 AR IR A it REVRAE B A I g e

}

S EMRFEL R BT, CRVEE T AT HIE R S 1E, I e
IR FERE . 1] 6 Dy toms P REVRE BE VTR 0 5

(ﬁfj]

TR &
WsE AR

EHVIE

Bl 6. SRS MR REVRE BT RIKI E R

REVEE BRI 10 R 6 T A Mb 6 T+ Rp 8 508 BE RO e st R M, RBETRE — A e
FAEM TS SE R, B RRIRECR . AL AL AR E BN . 2 S PR E VAL
GNP B, SO0 E A I8 E W # AR EUE . BORVHL ST RER AR . @ VR
fiti, bt e 4 LU 57 H BE R SEHEL IR BOE 208 Hbr . BOESTH I B AT 3 &
] 5 5 St

FARAT B TH RIS R B A T A b AN RS T KRR I T REIRAE T 5 4
MY BE HART ROZA PR IR . 0 TRZAA 35 5 HV AR SR 5 RES RE S — AL

20 K BRI M REVE A BRI, 3 B EE www.energystar.gove
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%o MOk, BOEHIVESITRESTG JPRERTONE R, RN SRR . A
FE T s J\3R A 17 08 AT SRAT 1 — L B 54

BEJEE VPG U At REAE R 5 T REAT ST R BT AT BvE B, AT R . R i
FEFRERE BB T BOE B ST H br ATaERDF N B S Sk . 0L 1 Bt
BJa, BEERTTRREURAE BN B2 B X S f SRR, AR A TivE SR . i E R sK
FE TR FR B B B AR L, RO IR Bl 1 S RIS S SO T8

SEPE VAl — NN AR BRI E BT I35 77, AR 24 2L AT H A A REVR S BRI
H 5 B 2 2 RIS ) At o 1HE (33 DL PR =3¢ =) i AT 5

ST REYR PR/ S AR ST IR D PAT e VR R L RIR Y — . NE )
PAT TRV 2 Mk & ErTuEse, g/ N R B i~ &% 1) 5846507,
APV AR AR B R Db AE AV B T T R RE IR A B RUFT FE S A B . BB B A —
Py FaTEE, TR RO RETRE BN (US EPA 2006). [ S5 PU A AE VR B HE /N 4H e 7 i ]
RIS A 2%

SeHTHRIE, Ak AR L REVRE BRI A SRS, R THRIBE S I R E R A,
SCRPB AR B AR ANER . AT A E A R 25 Tl & 1F, SCRF A sSeal1ise
bR ARG, AT TEHEAEZ AR FE, SEEA SR Tk
AR s RE R T H B EUR 5 R 2 N BUR AT X SRIUH o By Ty SCRFREVR S BRI
AL H (T A, #it, SR W55 50H).

X Wt AT RER A U, TR R A R A SRR . 36 [ AR IEE Tl T RE
O (ACSITEIL FHAT I REIR H 1HH, R Z T RENL S, RHERT L ERIR AR 6,000 3£
JGE 300,000 £y, HEREWHNT 1 ANSHE 11 A~ H(U.S. DOE 2002b), OSRAM
Sylvania A RN T HFEA /RN Exeter SRR IIIE T, EEE LA AN R 3T
THEE T, AN S EER A 170 T RN B ES 330 IR HGAAI
FARR, BBk —4E A5 458 5d 170,000 357G (D’Antonio et al. 2003).

FANAE AT SRR E B R A5, 2 EARN AT RESRERBUH. *%E
RFHEBFAHIIE K United Glass, SEMERTARRIRE B RAME 2 EHR, OHFEGICRES
RETR A W4 5 B ARt R, Seiifedidiit. RErE R LT 1 5N, oL RE
VR FRL /NI . B3R5I N 45 (EEBPP 1996a). % THEF] — & ReiH 4, LR THE
Zhnmd 3 REGNGR, FENARNGRNEE 2. HFEEE(1995 )KL LI ).
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Hh R EAM Y 420,000 £t AEIRAHEFOKHIEWINA 1 AH, & TR
A SN 1 2 2 £

AR REEERSG. KTHEREE T ZE6 A%, ErEEH 5RO E, Bf
EEMAL, RGBS RITESINE RS, XS RTS8 5 TR
i S TR) L 38 A SE m i SRR R B U D ZE R RE AT eE
TS5 o

WERGS Hir RAFATRERHE T, BbeI 10% 0] e #E 5 (EEBPP 1996b). X
R PR S AR A AR TR BGOSR, W P GE AR R G
RETRE. B LZEWMARGHT T L, PERNTRESTARA, WHE 5 5%
FUEST TR Z R RE SR R). WA EH LR RGN L) AR TR R
FHERZ T) CRATIAUL B 6 RGBT T RE

{2 F Kilbarry, Dungarvan 5 Butlerstown (%7K =%) Ff] Waterford Crystal /A &) & 1993 EJF
B IRE S HAR RGCRBECD FRERAS (EEBPP 1996b). JHITRFEL I 5= T 22,
MRiE TS K&, HHPAEMNTRERMA, ZARE—F 2N HEER

ik 1 20%.

faf 2= ] Owens Corning Veil A &) # HE AR AR 2SR T2, RS> 15
S EFRAL ARSI R & (NOVEM 1997), —HE54 50 Ji L I KRR A, MY
67,000 £JG. 7E7= M BEFER T4 52,000 o0, SWHRAN 99,000 FETH&HET,
[T A28 10 S H o

5.2. RS

T A& THAS A o H B 48 <, H g 2 TR 5 HoAh Rk
Perg A R . AR S E B S T BRI AS R o 6 6 35 38 s BN ()
e EAE TN 105 T RGO /ME(U.S. DOE 2002a), Horb K#En T 548 %< A wT
(fE FH S 28 Wk I 3 L), HE4s =" EE S S EER 3%/ 4 (D’'Antonio et al.
2003), A TS ENESES G AHERN 7% A4, BT RS TSIEERE,

HEEFHEBER T RSP REN. W, Err-&mi N ESS SN SE%E R9, e
£ 10% (LBNL et al. 1998). HHT-RERIRAK, 4B R4, Ad FH IS [A] S W] g

FEA AT ReH /D o [F]I 20 s 48 Ik 4 2 SO A R T 00 0 S5 1 B 2 5 H At RE 25 1
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AT . B T AR AT RERE AL, R Aa LR Al Aty o ML B K i (L
5 5.3 WA KAL)

REZBFMMEG T IRGHBERNEIARA Y G T A ENRESORHE S 8E. LL
Automotive Components Holdings /A & £ -3 [E H 447U M| Nashville T35S T.) A,
FERHAT AT Re IR B v IR HE T A S Re AR 4 R &5, %) FRIRINH A ReYR . FEKis
TR R BUR AL, — 2 N4 Nl 700,000 SETCHTRCA (U.S. DOE 2003), H:
H1300,000 3 ICNREWE A, 400,000 SETCAK NRERGER F G FTE N 4E S H 557
AR o

OSRAM Sylvania A FIA. T FARAT /R Exeter SRR ASIE L), ESAT R HAEIRE
THERHTRENLS, —Fr14) 164000 TIRLETIAHHE, A FRIGEIRHZIA 14,000
2270 (D’Antonio et al. 2003). TZ)EA X E4EHLH HEE R 25%.

HERG. RAANEATARGM TRV S, AN R MR RS
REZEZHER, EREHEHILE RS T IRGMIRER, ATEEA J3 HMR I 46 HLI 1 0
T, REEAEILFISITAE . SRR RS T N ETHE s Z TR . R 4E
TRARGRST Bt RE G SR RS 4EY TAEN— RS, BHEREZ
FANTI IR, JE455 S 2% (http://www.compressedairchallenge.org) %1%} £ 48 51
FEARMETIY) . R RAEL R 5 AR FEAEN — IR ST 5%, =M ZH)lZk, [
IR AE I PP . RAETE 5 2 FRAE I RFH 1 ARS (CAC 2002).

Ji[H ] Beatson Clark /& —ZMGESISHIERT, 1992 FH 5 FH FT)E 8 SR 1 5 3,
HAr 3 H e v mAR i i ] 25 (PLC) (EEBPP 1995), % %% miAs 28,000 3£ 71(1992 4F),
B RIAE 2 22,000 FE7T(1992 4F), fufd 3 HIKAEHIAE 2 19,000 FEIT(1992 4F). 45K —
FEATRE 522,732 TN, HEARBEBATED 12%, M4 —FEH T 32,800 6, —FEF
I4Ed AN 19,500 2£7T(1992 4F), KRS 1.3 4. B 7D H L E S 4 i
A, BAREIERRGE, B0 5 2R T B

S, YA FERGVRERCT . s Ieilass AR E. 817
TSN WRREEAERIA R . VT . oEGES AT sk b X G n) ) H I ST 2D BRI
JEAEHLN ZE AL — AT T R T 5°C £ 35°C). EXRGFHIMT, izt
07 B R I S A S AR S, RIS 5 3E N 4E4 (Kaeser Compressors 1998). & 244
PEFELL R W% (U.S. DOE and CAC 2003; Scales and McCulloch 2007):
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RO & 54 EAY . JESRIE S NIESR HIUREMEN, FERRSIEHK. &
WS SEEESR, TR R AENEE R &K BERRIZT IS ] Wk
Gt NS, G HLA R R FE0 . W R R 2-3 psi, BUROZH R SR
WM. WS R AR AL T ] B R 46 R R S 2% 1 HEFE(Radgen and Blaustein
2001).

o PREFIEAMLHEME MAETE S5TEE. BHLAEIAN R 2R e LR THE 5584k
HILRH, 3 T 247 A PR L ) A5 P i L SIS INReAE & . R AL FIR A 2 M H
F 18 MHEH—IK, FHEE A Ui e R REE R TmE . Rk, R4
HHLE & G W, 2> RGO . i 56 EDMMER . B¢
WAYE . R RBEEAT W USROG R o, G R il i sl i s A 3]
6 > A (IAC 2005)*

o Fut XML K RAE AR I LT

o RAATNEEMRAL - HEMWFEECCHIPRE, HETEH. AEAZiEA
ANV BB — BLAR R TIRAS . DMERFEEIAT HE . X FE IR 98 RE RN,
AT o R, AR T 5 FJIREN 1] o W 1Y) 10 B 1% 2 40 T B P 44
MA BRI R - 05 Toi 2 EALSE B S HEBUR A 208 s S R . &
B AL HE R ) [ SOH — A 281 2 4F (U.S. DOE 2004c¢).

o XTHRAENLEIA E AR AT 4EY, DL OR T ERLI N R B e {IX (U.S. DOE and
CAC 2003).

o REEIEANLE AT o R XS RGeS, B A A Ry DA B4 i
B, REALR, HANEISITIE 400 /NSRS 8 R A — I

o HRHE A FH 15 BH Bl T 4 A e T A B A o MR NE SN AL AR R T 2
psi | 3 psi EFERF, FE S SUEME N B A, HAl H AR AL AE K PRI 3] 10
psi [, L EE R4 B 4% (U.S. DOE and CAC 2003).

o EMIRIE KA ARG IR (FRINE . WfEREA D R). FESEE, EMREGE
P PO FH B 535 e 5 T /K VA 2 RS JE A% 5 s e 2%

o K RATHL RGN A 7S I A DR & A AR

o MR AWM ERANZEMELTAH KL G, BT A 5 50 H 1 4
TREEFN . BAHBRKRGEIIN, wEE A &) #E 80% % A

22T A R (IAC) R B8 2 5 % Tl RS it ) SR U AT Ao it (S B E . , AR
SEHRA ST RE . 18 X EAE B ] v A A A ) T R RO o SRR E BRI B A (TSI

BT RO ST . IR 2B T R HER, BATUE RS 3 TV CH sic /R
i (BP sICc 3221, 3229 5 3296).
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JE AR, SRAWT RS E. SHEENEDSE AR, %%
B i s . G RAR . A RO R DAE SEIX AR BISCHAN R 1 4
(IAC 2005).

. B 7VEHMTIEMNYEY, BT R AGKHRFSNE RSN T ARKEN RS
RIS AT A . A R VAR R G0 — LS R 41 ZH 4 (CADDET 1997):

o TN, IESRFRENELERZ MR I EFHE EET MRS

o JEHHLSERAHAE ARG ERRET, DMiARYG 5 5 ZE 15 0L

o MEEATSHEMRE.

o IRIEA TN TR SR B AL

o JEAEHLIXZNEE L FLI T S HLELE 1T /N 2

o EHTAMERFHENNES, EHITREHRS A RAIZRSEA M
WA BUR A=A

o WMAERGLMAMIMEZIIREI ML, W=RZHERA &I
B, XS RGIBITHE S . RIEAER, FONREZHSRKE,
2 psi SHIEAEHL 1% BEFE(U.S. DOE and CAC 2003). fix K& B4 5 H B
AR, WEAD/DNEBIRIEE . . . 1828, W, WIS EE S
(TR, DLR S/ B s, B, A0 E S, T 5t

o {EARAESEIA], AR T AFIHE.

BRS . WA RERANEEFERE ., T R%g 72525849, e
Al fE2: 5 45 2SS MR HEI) 20% % 30% (U.S. DOE and CAC 2003). KA&k |, E4iT5 %
FEFEMREFEE, HiHH 20%2H THAMNFE R FIGEEDIL (Radgen and Blaustein
2001).

H TR UG RBU RE R R IR E, 2R B LA R/ INBIGE 25 R/ INAS [A) 1T HH B 22 ¢
WIR—HIEEHL—4ELL 87 psi 1847 2500 /N, HIRIFA BN 0.02 #~F(1/2 HK) K,
—HEHURBEE TN 250 TR WIEARN 0.04 FF(1 EK)E, —FERREN
1100 TELHY; WIEAH 0.08 Hi~F (2 oK) S, —FfiJiE N 4500 THLA; WEAEN
0.16 JE~F(4 JEK)E, —FEH%E N 11250 T FLIN(CADDET 1997). —{A4F %35 H B
WA YL PRI S 5 R R B AT WL I 2 BB 4 i 46 R IR, SR Eeix e
TR R [ESCIAAS 2] 4 S H (IAC 2005)
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REAEIGINZ Ak, ISR S AR, il s IR G . HEm 4E 4 A
SN BE N BRI TA) o IR RNt i s A AL A REAE 5 4E 47 A o

LR AT s RS MO B oM. R RS JT R BB S oS I
BBk I SIREUE B B BRI A R TR e D, A R
RIS R A A = o IR SR AT B AN R SR AT

fE Anchor Glass i 2~ 7 AT F36 TN Warner Robins 31 1) 3E47 /NIRRT & B0
WA EZ BEETSSHER 20%0L B, iZ RS 8 WHE R KRS FERBGHEN (OIT
2002).

RKAABEPERT R A SRS U R NAZE e ek i, R R 5
HLRE R I PT 0 2) (Scales 2002). s Zeid HUBTIC B Jm i EAe & IR 4 25 Uk R 48, LA
B DR 2SSO IR 2 R L A T B 2 28 RUCIE R GE 2 TH IV e Y

BERRGRAEE. M THEEHRENAN MR, SHERSBDNRGNETED,
JS7 2 FEOR A R IR SRS, AN P I SR A L §TORETAR . IR AR A L B AT I R 2
BRI B

DIEEFEBRRELEZS . FHEETIUSMI T ERIZIT &S, RIS A R =
AERN (U.S. DOE 2004c, 2004d). 15 s 4 2= S LA MR 7 v AL 4 :

o FHZNAHIE: DA KWLEUAR 48 2 SR -

o KEEEAIFEANLLD, BRETRE: MNUAE S IR 4 2S00 e e k.

o AL WAL Hish. IBA. BEEMNA: DLEBXNEUR RS TS

o EHEMIIEREAY: NUIRIT. ERNEKESERGBUCESE A

o BENTAF: BILAEKMNL. HBNIREN A O R B B R

o T HERIKZES: HBNHEAEERE S, Mz EEES7 < (Howe and Scales
1995). Aid, AMFRARAR T RS, BYEAER . FHERRME ., %
EMBAR. EMIGOLT, B k487
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B0 5 [ g 3 AT ML AT B DY S B FE(— A PR E R T T — AN R R
TANABIEAYEE ) W, LS VAR 4 S SR I RS T 5 AN A
(IAC 2005)%,

HEAREH. HTEEIAEERNBITEIMIZIT, REEHNIRK, MiZEE R
FE A AR RE Mg AT B, IR 2 A 2 TH AT ) 15% % 35%,
ey B THER A2 TCAE R Th(U.S. DOE and CAC 2003). 250 2B 4 HLAE i ki is 47 8¢
Rl (Castellow et al. 1997).

Wi CE e B AR SE T W 7R SR (U 7, AT I TR 5 SR B I R 0 TR R A AL A
I, fRAtgEh . XAERT DD T R4 E . AR b, 2RV T AR
T REEGEL. 2 BEENUEE A IR A DR AN FENTSAES
TAEE, AR IIZ. UL BREGENIUCHRBES8l, BIOH@E Sy 2 e
¥ (Ingersoll-Rand 2001). VA2 Br/INU RGN AL R 4a LR T LA RE . R Y R 46
PLEDZGIN (1) R 2L H R AR B 1 2 BN R Aa LB s X 36 B S 40 20 B i 45
REIR, PALEGEHLR N R RIS Z) 1.2 4 (1AC 2005).

Xt Anchor Glass Jffi# 2 7 AL T 7736 N Warner Robins 3 H 1) 34T K B 468 2 S R G
i, VT A m R AESHE, X RN A f gk (B AT AL 10-20 4344 (OIT 2002).

BWAOERE. EEd 2 b ASMRAR SRR K. RERZMRHIN, nfHZE
A AT, BT R md L EARE . B2 3 i A AR R AE VLIRS A
REFE, TRiZHTEOLT, BZED| 2 psi, BEFEEIE NN 1% (U.S. DOE and CAC 2003). #ix K
JR I E IR I, WEAE/NEGSIRIEE B In . IR, . WIS
T2 (TR SR, DL SIEIE 328 B, BB, TS IS S (M
) o

TR R B IR B S R AK, DANEAN RGCRI TR 54 . s A4
I, P IEAE A S AT I T B B I S VR RE A I 1) o 4% IR 7 0 s BOEEAT 497, G
HESRAES THRS, XEREESHIARMEER G IERE M. &E, =
S BE R AL B R AR . X T AT R R R R, R IR R R
K IE A2 3 4~ A (IAC 2005).

I

22 st 5 8] 2R T HEAT OB IR TR R, SRAIX T (P IO A L 9 4 H B £4(1AC 2005) .
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PRSI DEE. WRARIEE, RS ORE R > RGN ReRE. A T
MR LR S SRS IR . RIEELK, EERG FREER 5 BEIK 3 H),
JE4ENLAT T HE 1% (CADDET 1997a; Parekh 2000). FHWR T 25 S 1) RIS AR AR N 2 £ &
5 4 (CADDET 1997a). fifigz4b, (R HAMLA R, AR EEAIINE R,
Tk 2= o iX REM B A A S 1.7 4F (1AC 2005), {HRA R B2 K N L B A
I, T H B KR 22 5%

e R An B ] B 1 3 B E AR AE T o0 AN b I R 4 AL T AR VA 75 KR IsF, 1B 22
T EAGHL . AR IR ALz B = AR 15 B O 12% (Radgen and Blaustein 2001).
15 B 4525 S Bkl (in Compressed Air Challenge”)H4 R [ E4E 4 S R Gl RS2 B (B8 ) |
B, SR 4E % A A 24 4 (9 6 /1 (Scales and McCulloch 2007) . FE4ET I /R 40 % WL I 4% ]
AR L

o REBI/MFEIL (FF/2R) $BHl, EENLEN SRS HLIARE B E T, #TrFEicoe. B
B/ kg H T AR AR W, tnr T8 hE S L. 8 S 3h /45 1k da
[ — BN 1 % 2 4F (CADDET 1997),

o NB/EBIER], EEEH], WAL RYIFIE AT IR R ISR AR,
BIEGEas. ZHEOT, HBIRHES BN 2 HFE 15%-35% IR, [FR
S AR IR 2 o

o ABBGHRBH], T 5 P HE R S PR ) HE R 4R A R B R AR AL
iR, DABCAEEER . s sl A T B AR Aa LS iR e 2 AL

o HEWFRGEH, SMERNMBINRFENFRK, BIBOCH N EAHILE
B, [FNBER AR L EIZAT IR X 2 A R4 iLEE AT 5 Geis il i sEXoE
H B AR ] R TR AL RE R

o ZENFRGEH, & HITESATIRGEHI T B EA, ErlFEK AT 4
ASUL BB R G ML AT E i IR AR ] 2R 2, SREEHIAN AR LS R R
(Martin et al. 2000). #fil#o0ZEE, IERFTRIEARFFT R, M HRE
Exgualal B, Horp— A8 3 B REN BT . XESEA R
A LR HLBE R HIK - RAB AT, RGUE )52 3 i BEAE I 598 2 S AR 7 SR /K- (U.S.
DOE and CAC 2003). ¥ Nadel %5 \(2002), iXFholcdk i) e 4 HL4% Hil 2% 1T 7= A 11
TREE AN TN 3.5%.
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Lewis and Towers A& T #[E Edenbridge T HIIRBEB EHE) , #W 4 G E465H1,
Hrb 1 G228 7T EESSEVLEEBPP 1999). b4k, ZAEME M B R4,
ANl s Rt 5 e i . 23 v R IR BN a8 M R 4 b, lAs 2338 n
10,000 FJG(1999). ZAFIVEE B L WHIKSIAR G, —F T HEEN 31200 T
i, A4 2,820 £0(1999). MfEfEd, ZAFRNEREIHAL 4 SEAENLF, FH 1518
ITHILR . iR 4 & RAENLERE IR IZ 1T 016, WAL RN 83100 T LK, #
4 5,700 3£76(1999). A A AT S RN RIBOH Y 1.7 4, (HE4gAL a0 5 31
A, [ESCHA T REEE 3.4 4

BUMEBRER. BEHTSRAGNERERINKE AT BE T MR, wlEd
JERESRAHIMAE O, R ERRGIETIE S, MWMIE R R rR8cR . moRE i
KB, R482S RGNRERE 1B H v /> 3% (Radgen and Blaustein 2001). #fiff &
RGAM(NIESS . A 5REF)RNES, W] Lk —2 1 6e.

PEUC. TSRV R, Sk 90% 2 e i e . s, H—FAmE
W £ AT WL 50% % 90% M #EE, FRRF RIS IHARE A T = AR IR . T 20m#A. A #k,
AT, AR AN TS KT S EE (Parekh 2000). fhil% 5 100 cfm ) EZEHL,
£F/NisE AT [E]15 50000 Btu F#4 (U.S. DOE and CAC 2003).  [H] Uit HA3 & A 51— 4F (Galitsky et
al. 2005a)-

A8 FH BT CRRAE S 2 PRI, AN oA KA SRR AR HUAE R 2 9 SRRl , i R A 48 4t
XIEFAMOF AR, B EEARIEE S MK A, KEKA X ELEL T E1 5k
K, LHTIEIA 50% 4 60%(U.S. DOE and CAC 2003). RAIX/ME i, 447 T Al & 4
TRRGAE I REVRI 20%, ¥ T = N KHE (Radgen and Blaustein 2001). 41 X455k B
S B4 T ZEITF RN, ARl p SO A 2] 6 S A (IAC 2005).

RGBS Z RGN LRI TS s 2 R e LB B I 4 b, 4F
AERAESEAT o NGNS By 4R A B R, (HARIR T R 5 RIS
XA, BARBAT AT BE 2 BAR . ArAE IR TR GAHLZ AT, RO AN R 6
BN, BEREGE . ICGRBEFT MR SIS SR Rt AT. A, KRR A 8k
s BEWEAEY . MG GE. FHUNRRA K. RIE Galitsky 55 NI
(2005a), MR TEZENL H ATAEREAD TSN TIZH T 565 R A2 1%.
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5 [H B R YA R A3 )35 7 Ultra Creative Corporation, fEHIEN TALAME kX (T
LIV TEAENL. 2 & 220 T E4EHL, B &M% 85,000 £6, 1 6 95 5K K4
P, BEEMHE 65000 Koo, HEik, ZAFEEHAE T 9,000 SLITHIHLPR (T —FEN
108,000 £ JG)(Audin 1996).,

EHRANFMERS AT R, ERSEHEN AT IEHEBITRIRE T, EHRSEZ N2
FARIE R . ZA R T, M RRIBCRIE 75%0, BT SR 2.6 F, BA
R IR G, BSOS IA 4.2 4F (Audin 1996) .

El R T2 AT 8. SFEBEEIT ANV Tolk, 6 R4 2 AT ek =
AT TR R R R TRIME Gk, AR a5 R R TR L. A
Mg sk, FLT) S mEUlBmRARSE, s ZRBRE AR, AEFERUK.
AHYES (R P Adams Co. 1998). A ASLHIA RN, 2 el i Rst/E%
HNZR S I A R 42 o X 70 B A S AR BT VR Rl O 22 38 NG AER 1T . B8R
T 9ORHIKENT IR . IXMMEA RO X R Gl 5 v JN 8% 75 EE RV BT R
N & B s OS4SR 2 S BLE P R AT RNk, mldt—

EZENEN. B EAVRAIBELEN—, B 53 WHHEMANH. DUT2
RS R 4a AL 5T H I LA 1
o TEIKZE) S (ASDs) . WENEA A AL H AT RS2, — R 54 15% K H
it (Radgen and Blaustein 2001). F}3 Vamdrup T4 7= Glasuld BXFSH I L),
P2 B SR 228 rT IR BN &8 5, —4F 5 HL 200 JEBL(TITHEL 29%), %I
H Ry 3 4F(CADDET 1998).

o FRHEANL. BN RRLESBEN—FETT R 2% AR, FISCHEAT] 3 4
(Radgen and Blaustein 2001). JE48 R4t R AL T R B ORI T, BH A
HEEEAT] 10 T ILAI/NHLES .

R ggfERRESS. BRATEI RGN E I aeIR &, 8 2 S ERr @ i B 1%
RATREAEAMRE Ao ARG B, HASAS FHIR A B B R G i e/
%, LU A A (LR 0 B ) o B SO R R R Y6 [ ) R PR s AR A
w, —RAEDENESE TSR, EHEHEE2THES T ARG LT (Kaeser
Compressors 1998). £IX & [EBEIELF4E. AR 4E . Rk BT\ i JUAS R4 7 M
g5, AR EZ B RO A 2] 3 4~ H (1AC 2005).
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BROBREBEBEE/IRFTRER. EHFETEVLE, ZRSHER R E R 1R KRS e &
1. RIELLS, WU ERALA BEFE R4 NS RERERE T 7% 2 14%, (HRZRIUTHRAL
HAE 1% % 2% (Ingersoll Rand 2001). A5 FEH V5 5 & A0 1T AL

BEBYR/PKET 2. AN NERET ARG R KT AEE (Toyota 2002). K/
ERRA R AT RN RS E, I 2 RS SR SR .

5.3. EHHL2

PerEHE] AT ST L, R TR RS BEHUKE. BEERNL. @
KA S HiE T . R EREFESKER, £E L) @R e e RS aER, A
T HLZ) 5% % 15% (U.S. DOE 2006).

HIESE ] B AL ARG R RERUN, REE R — fURERAT” RGVEMIR" . REVEE
(¥ H br 2 B BEA BHLRSE (AL, IKBhE8. IENEAWRE . KL FELAHLS 3]
#%) BER, M BALAR S RIRERN O o RS MGEE R 73 M e b L AR Ge i) RER AL
M5 FRM, CLRAERAEN RGN SRR, BEES RGN LW ST E 54
J0) LR ERE b, XI5 R i BE ] .

RGMETEETE A NP B, W ALt S AL IR, s
Frf AL IR S 03, Wb B SRR GG T Bon i vkl 5=, MRS
FEEN AR S BN ARG LRI RN, Ui BN e S E&E, S8AEIMHE
RERILE T REW 2 HIKSh &I m Rk N, WEBIRZLEEARNHRER, &
TUBTRIET ARSI, DAE NGRS k=2 &)a, WmEHITIHH,
MBS S TH 2 G L R Ge i RE,  DLRF 58 S2 B 15 20 1 A4S (SCE 2003).

THEA ARG REE AL TR RGN, WAL S R T A
Bl HNLUR/NEDE . REHMHAT T RE .

% 5 [ R U5 T B AR T H A R 00 TR Tk L R GRE BN 6, W — b T AT A BT 2
TR, AT AR R ET SR BHLRE R TRE TR M RERE, i LTk

FORIH [HL. =5 XA RSB | T
(http://www1.eere.energy.gov/industry/bestpractices/systems.html). F#, Motor Decisions MatterSM
B — e TR m EALEE S 48 £ B E (http://www.motorsmatter.org/).
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EALEBERR] . HAVE R R T el & 2 AR RS S — 28, KRG, er i
NI ML R G RE, R EALER REE DLt . B & AR 1O 7 vE R AT Ak
I, Motor Decisions Matter™ X 5¢ 3% (K R HLE FEAN R, 42 H DA T 5 A 2 (MDM 2007):

1. ST AL A B R R R 1 H

2. il TR PELENS /58 He i SR 146 5

3. JEL A I FR LA FAL s I 75 2

4. i) R FE

5. ffill e BRI

6. ffill X I St FRU 4 5 s P ) 43 1 H

Motor Decisions Matter™ (1] [ HAHLIKI T HAL | GHX e A4 A EHEH N4 (MDM
2007).

ERERAE L. BN B UIAE S, WHENEE. D, PLUEERA. R
BUE M. REER S E. RN, [F A& 2] ML AR B A, T
AN R AW S22 2E A . B AL FH A TE] P2 AR B AR, B RIE 95% M A =25k H
HeHE, RA SWIMEAR R AR, 2354 (MDM 2007). A=dn 8 A% (LCC) =2
1% S Fh A% 68 7 ARG A IRESE, A5 B T 6 A [ ) EE MR W 445 B 7 6
B, M ARE . RRGCOH BARK A A A T H F8 7 (Fenning et al. 2001),
Z AR EAT AL R G A A T A A

PR v 2 LA AR R 2 e A i o ST RRAR R B 2 — AN s . e R LA D AR B
BT ARG . AR S BRSO, RS DU AT .
HEARIER,  mRCAHLE AT TR ML H X FE AT LU T b R I R ), 18
Fe BT . SRAE I AR ar A MRIRa . IR

FESCHE, e OB Z0 B AT B 5 [ [ 5 - 13 7 P 2 (NEMA) A A5 (bt . REVRASCR
K L (CEE) Jxof 56 [ v RO LB AR i i R ik, A B 3RATT I A v R0 FEUMLI HH >R (CEE 2007):

o 35 [H] [B 5% H 1] 18 7 P2 BE YR A (NEMA EE)EE T 1980 AR, NThls B
L BEVR AR R T € Yo FEE [ 5K H 7l i P2 bt HH ARG 5 MG-1(28 = hR)
FIER 12-11, NERHENFIEERCT T & X (NEMA 2002).

« 1992 4 (1135 [E RE IR AR (EPACT),  BESRAE 36 [ I 65 1 2 i i rhLHLIE S 36
[ [ 5¢ ML - 36 R B 2 0 BT
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© 1996 4F [P REIR AR I B TR RE b AERITE, AR A= T EPACT ZEKRW
[ SE m A L. REVR AR I IR I BE A S5, —MRELLL EPACT ZEKR[1HE
R, EH TN NEMA BERUEE (R 12-10, [E 5K H 113 7 P 2 b v H P
T MG-1 5 =HhR).

02001 13 H [E oK B ¥l i h = T s SRS, SAEAE T 5 R
SR SR VER TS . ZHVEHEEE X B FHER e kRS
HAA RN T, MRIEGERUIKYE 1996 FRIARHEmm A, H A2 g s R L
ks, 54 NEMA Premium SRS FEHLE 2 & I RAE . AR, FEIX
TR T LA R ZRE -

» B 2. 4. 61K

= K/h: 1-500 & 7y

» Wib: ERBTHER 2 ASB

» HUFESRAL: RS SR

» HE: KESHE

= ok WAL BRSPS

S BTN = RN, ARG B T s LIS AT 1 25 1F 5 308 S0 O A= i i R A
EE, G DL s AU B IE AT 2000 /N HAL, 3 B B A LA
Ait, MotorMaster+( ILFHS% E)SREME, RIARIERRC T MR, DU R &5
5, RO IRGE Al A T v L L

A CATOZ = 8 LR IAT A8 FH B L, (RSO T RE > TR J . AR A A i B 2> 1R it
R, HE LS5 A EPACT EARRERURE AU LU S, 50 5 7 AL R
HIAE] 15 N H (CDA 2001). [FISHAS N HNLR /N, Bk RE BITHRE i RE
FRA SRR EITI SR EERE, MR ER (MR . T %R R
WREE, RESLAR|, fFHZIEENLE R IR € (U.S. DOE and CAC 2003).

FHEEREFHIERM S KA 7 [ EPLRKE ST | (Motor Decisions
Matter™ B GiE ), LAPMD TR PTG R BB S AL, ke EE
X LTI P P T RO TR R AL, e PR R e I NS, ASAEZEE LA de sk
B”, JFSCRAE R ALEERT, e e r AL B R

£1%} Anchor Glass Container & R {ETRIA W 5885 BLIA M 2 AN BT e VR & v 45
R e LR B AL [ ] 0 2.5 SR EAN 2 2.5 4E(OIT 2002).
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FEGOLT, KEEE SR EHEE, SIS RIS RIE . R AL,
HLMLEL S8 R A A S IA BT H ML) 60%, F i /& K HTHHL (MDM 2007). HEAT HAHLEL SRR,
PR S S L B SR i A R SRR )R, YRR RVEE I RE AR, FHYE L. W
T IR 25 T2 (EASA) K 3115 36 [ [ S bm 1 2% 2 (ANSIEX HE I S A S b e, A 4B
HHEZHHLMIRME (EASA 2006). RESRATRIERE, B RIEE 2SAF] 0.5%80 1%
(EASA 2003). i, HELZREZELEAME, BETRESEZE, FrAFSe i LIRSS H 0
T A KN EASA LS BbRitE, A E N,

gt AEPTENLI H BE T IE K LR A IR TN B LA R e 2 tH IR . BBl AR
FE AT 23 P Ve BN o T A e ) A T S AT A R IR, B AR E
e E., FBRBEAPE. BEARE. SHEILER. RHESENE. TR E
() H IFE T RS M LIS AT R . IRBN TG Il 5 FAtas AT s, DAk H B AL s R i
HEAT RS & B e L B AL (Barnish et al. 1997). FFEEXT EHALIFEAT4EY, W P24 A2 AT
W RER, PIIEHENLRGEBEFREN 2% 2 30% (Efficiency Partnership 2004).

BHR AR EIUNAIER 2 SEALERREESIR . 1R AT LR AR EE L
X s g B WA B 3, IR FL RN BT DA EE . ARSI, DUKV/INGE i AL
R EILARSG, SARRERE T > 1.2% (Xenergy 1998). /N HLHLG AL ) HLAL
AL, P BRI AR K.

BE LRSS E0dE, DA FAEEE: BALAEE . L KIs T AR
0035 FH FEATL R 80T B e B e FELATL A I R o 5 o] VAT B o o S e T I 42 3t ) 1
BEORL, AT E A A R e KT K LS AN R IR AL (U.S. DOE 1996). L4t
BN MotorMaster+ (JLF 3 1) 7 RK/NE I HBHLE, ATt

AR IRSN AR (ASDs) s TR IR B 8% TR HULIE 17 IR 1) 57 28 75 SR P A U 1 4
Fe, DAHAER B HLIESS 2 & LI ERE R AL . A BRIR S v] i 8 K 5 2% 1 A4 1 7
RZ . Worrell %5 A (1997)% AN 5] FH g 1 ] PR IR BN 48 B P2 AR T e &, AT 7 4
THEE AT 7%5 60%2 [A].

#*9ugs b, R VAN R AT HU GBI L R SRR 2, 8 TR 3H 3R 3 3% (ASDs) . A Sd I
BJ#5(VSDs)s I AR 3 & (AFDs) S5 A SRR B 5 (VFDs) 55 o SR —3, A B 4 SCAf H n] R DR 5 25 .
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FHEBEIRE BE BB 1994 FHAT 7 i E, EZIFENIOEHIER, 60% L
RV R IK BN R (EIA 1997), XK Al I IXEh SR AL BIEAT W AE . 1V 1R
N

Anchor Glass A ) £E 3 H GEIEEB I SCRE T, AL TFR B I/ Warner Robins 51 ' HL
1AM Jacksonville —HBIHGEIE) , WL DU REIE AT 7 REIRH 1T, AR KT H
BRI, hnge 7 TSRS AR EUKER, s B AR T FKIE R
KESES(ESH 1.8 4F). Sk N RN R, w78 25 5 XL -5 A & HEGE 50X AL
(B 1.7 4F) 5B B AL 3 v AN S XML RIS 1.8 4F) b, e T i s Ak 5 2
(OIT 2002). A IIKIEZ LA RIS &, FFEFTH 524600 T ILI, fEH 25X
LEET RSN AS, TV J10h 808400 T LAY . EEZANRBIFF A EIR, BT
ANEI 2 4F (IAC 2005).

Automotive Components Holdings A &4 T H 4475 /1 Nashville T VR 358 1. K H
|H e 1 ml R IR sh 25 /N AR 5 (OIT 2003), AMUHIRE, HAETT LK, Wb
Wb FRIK BT I N S A AR &, HECNRBEAS B RAEMEfER, T 24aet
R $E s, [FR BT HEA IHREE i shag, A JT A gl . JH &
AN 350,000 70, BHEA FHIEAZ) 280,000 £7t, HWHHL 15 NH . R
HLE N 320 /5T FLINF B 24 98,000 37T

FRT A RN T ZAMIN Greenville T HVRFBRIES T #E4T 1 REVEH 11, 45 R R ILW]H
IR A 2 o BEHA XA E 2T lE R g a8, BEMATET Y
700 JK BLIF (R —4F154) 20,000 3£7t), [BCHZ 1 5F, @ ANPEIF FAL b 22 m] i i
IXFhE%, —FERIZ) 200 JEELETS, [FWCHIZ) 1.2 4F, THAENLERA EIEEE AL 22 3% v
HIRFAS, —HFER[TH 100 JEELET, [AICHZ) 2.8 5F(US DOE 2004b).

o [E R AR A BRI FERR ) Knauf Insulation A ], 78 25 5 I UKL FELAL b 22285 v i
HIKBhEE, BT AR IH e EANLIREI 4, —5 1768 55% (CADDET 2003), —
SEATHEEAG TN 3.8 JRTLHT, T iR R L RO AR HEAE 1600 M. ARIH
(1RSI E] 2 4F

ThEHTRIE. BB LS. ANl T8 s 1 RE 2 i O B i K
DA AT AR v] e 2 S SO F RN, i A ARG .l PR RS B
HUIS 18] (5C AT R ML AN 2 A REAE) s M T 8 AL L TR ) 5 7 S U P i 2 5 PR 0
PR L AR S RO R IR 559, ATRLIE DR 1
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BHREAPEEZRMK. HEA T2 B A AL M gk H A R, [
SIS AT, BRSPS AERG . WINIRS SHUME 7T BEREIE N S L B
XL AR LG BRI o FLR AT AT RE R X DR N T e« AR A4l
AN A E I S L (RS R AR PG A . ARYE 2RSS, A ML T LR IS AP LR
AN 1%, B UBGs e, REHEATHETE 1%, BHRCRHaZZE; WHis
Feny, WEREAPHIL 2.5%, BHSCRSEZE,

W—5iz%; 8000 /Nif . 7174 100 HIHEML, HEEAPHEILZEEMN 2.5%FF 2 1%,
—4E T H, 9500 T FLAY X 500 3 G (7E A M 0.05 370/ FLIT)(U.S. DOE 2005b).

ke WA L I, T CARVGIEAS I E AL, AT B R AN R A
WA A I BE, IR E R R e i P 48 7R R 45 o o5 — FLUR AN T A AR
BRI 120 Hf2%, BRI RIZ 7 B RS 25 f P45 (U.S. DOE, 2005b). fE3E[H, {1
K HE L 22 25 HE R 4 ) 12 4% 1 RIS — 2 2.6 H5(IAC, 2006)

RBEER (STBH). ERZH LT, Eir 2 BE Bk fRa b Al e, HRE
BB WhRdE v AU EEONIEA, FITRETT 2, B R T UG, EA R
AR . AT iR FE A, A m . e, ARt v B2
2%(U.S. DOE 2001b; CIPEC 2001b). F2 & mdf Atk T 1715 Re SR L LU AR AE v AL &
i 6%(CIPEC 2001b). 4 Vv Mk Er G, HALHEES T 2%% 10%(Price and
Ross 1989). CIPEC (2001b)fdivt At v B445 5 4 oy ey 20k iy B [ml Wi i 20 6 S H 2] 3
o KWV (BINAYE. TARIE . E IS S R R B ) ) 2 A R T s, B
AT b2 3y B ey () [P 3 A 21 10 4~ H (IAC 2005).

BT A FHELL T Z M Greenville T, ¥ JE A FH Rz 5 9K 5h 11 B 4 e il i 2%
WA AT RSN, A5 — T 200 JRELA, HS7ZBP g A A (U.S. DOE 2004b).

TFPRBEFE LIRS 28 . TR LIRS AR FT IR, EHRXJUFELE g, IR

A RIS AR JT ORI L AT AR, I HIRORE I, HA R SR
R (Martin et al. 2000).  H XY@ FEBOR, HICHIE L] RATHISCHRE B
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5.4. H& BH

MO T BORMETE « A 570~ = BRI, il 2 e g b i LI Res )
WY B AR BRI B 25 T G T M Redom BEAH 2w, BT, IR A REAEIR
bo MR¥E 2002 £ MECS HidE, BT EM T SRR R ER 5%, ]
BIXHE SN T M5

HID MAUAT S H T SR, BB T AT KEIT. 26k, CFL
WIS BFUTIEEH T TERKAMS A ERE . @) BN AT R
fil. Green Lights &%& ANEEMRERRIEZ ETH K — N EEMEIH, %0 H 24
ZIMEIH 2R RO B 77k, WL http://www.epa.gov. HEAH A=A 4024 Z g #EE, KU,
5577 B HETAE OC1 20 R0 HE B 08 2 R BB AT A S RERE, I 2R B B S S 5 RS
IR (Sezgen and Koomey 2000).

FRBAFE R . EAE TAERS By, BEBHXT o] DLIE I A A J86 A% T 2% 45 sh 2 il 2% E AT M1
MR R AL R AT52 ) BRI REFE 10-20%. EEZ AN RUIHF R BN, L KEK
[BIUSHA -3 4 1 SE(IAC 2005).

ANDIAT [R]I AE shim il s 5 B ahiEhlas, Bt DR REERE . RS HITEZ —,
e ZEITRALA T Z AN 2 BATERAE . IR RN, SRR T A NI 2
5% AT B B (EDR 2000). oAt IR B2 A0 35 2 P9 s AN B A ] ) B B A ), X4
i e B PR S I 2 i R R L Bl S I ) 58

B 7 TR R SR KR ], Oy — TAER A 5 Him 2RI . —Robsmss
I, FEARDCEAEE A, FrARAHFEIE C ST, StLeE TR, B HT
eI, M C HT kM. RAREISIREKN G, 4 2IHE A 5 B HiT
(Cayless and Marsden 1983). NLx BEAT (14164 B B2 f) 7 3k AT AR Dl eiadt I FRO i lmes o 4512,
FE— RIS I JE O R 8 T B0zt AR HEAT - FLARI 5 T 5 FA (i Bl HE RO AT

& 8. B B 52|

Ei] [ﬁﬁ < | |B|| lll LI

FERR

(I
=

HuAR
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OSRAM Sylvania A &AL T E A /KN Exeter WL #EATREE S5, R 223508
2241 2 48 v 35 L 96 JK LIS (D’Antonio et al. 2003), X% T35 %) 50% 1 & B R H 15 3%
] HH K] 0.4%. OSRAM Sylvania A &) L] K G 7548 P IR BH R 40 75 FH 4 ik
PH .

KNG ZTHIAT I 2250 53 1T TR ST 98 T HIAT I A2 i 44 5K
W% B R R LR R AEIREEE T %), AP R LT3 AII . BETKAT 5%
TR i 75 19 2T 15 o

H OARR— R ZIRE (LEDs) BRERAT .  FRACH BE A ] BT ik 2 — B H LR R
ST AR T #e % LED AT BRARXT . FIJRTHEHE 40 BL, LED 4T°K 4-8 L, A HIEEIL 80-
90%. 1998 AW 7L LT A — A A G R ER, TEH OfRITHE 80% 4 LED
XT(LRC 2001). ¥/ LED H LERITHIAEZ) 10 4, BT 14, I8 FH4YZH
WH. BT H ORI, BREHSE2THRAGEWAMH D TR BEL . H
T LED WMEH A& BITIREIK, AT ANBEEM R, BB HIEERE (LRC
2001).

W) LED HYHRZRAT,  — AN 20 56704 30 360, SRlUEREA TR HI TR AR
EAL EOHRE 6 NH . RERREFREE ETHRERMHE LED ORI
L

RS BATAOL. eI DR, R 10 5, B RR
2] 200 3%yt MU E, R KSR MU B B BT s KU
OUAB AT ZF REAE 5 26 0T

DL T B R BB R BT B BARAT « 28 )T rOfd H B ar bt A AT K 10 £5, TEBHCR
B ERIT ) 3 f522(U.S. EPA 2001a; Honda 2001). 'SR 5 e T I eR0E e KK . T
A B R RT DUE A FAT B R R BT

DL T-8 EETITEUR T-12 BT, ERZ T BAES T-12 EE %62,
T-12 BEEWRITREBEER AR, BMEEZE., FHAEME. LEESER. A,

102 EESOBAT IR 12/8 B (T RARK B EL G LA 1/8 SE1 )
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FrLL, T-12 EE DG HI4Edr A 5 B AR =1, 8 T-12 BEEZOLI Tk 7-8 HE
DENCHT RIS & T-12 HE VO EERL. H T-8 B DOEKT Ml B dr— B T-
12 HEDOUITZ H 60%, MM E4ET A, LLT-8 EEZICITIR T-12 EERIGIT,
AIYTRE 30% /7. ARFERE Z K Tk FNEAR, ¥ T-12 BE R H k& B8R
A T-8 HE DA, TR EE 0.25-0.30 3£ 76/ T FLI

T T-8 HEERICT SSRGS, 55055 (N R i st B A R IR,
AT AR

Tl E—fRH T-12 HEDOUIT . T-12 B£ERR 1/8 9~ 12 f5(EPE AN 12/8 3%
PG 3.8 em)PROGAT . T-12 HIMIAR DR A, (HAEREHE . T-12 EE ROUITH
MR, [THmE, D, DORBUL. 4P FaelmAtERem. H 178 HEX
ST B T-12 J5, BERTIE T —f%, 1244 H(Worrell and Galitsky, 2004).

EMT (2008j) #kf5ii, K 1196 ANl EE AT A HEE TG, —F4H 114 K
LI, e — O B R AR Y 26,800 K JG. Sathaye 55 A (2005)4R T I Z61, =2
1172 ANEEITE S B 8 (00 F) el 880 MEHE BTN 440 /N HLUBETL 2%,

SER AT 150 JRFOHS, FEHERAEIRZ) 11,000 E70, ASBI AT RO AR —

FHNA BT I EIEEE R -RRwli&ET 5, K 4300 A T-12 HE VG T # AL 496 4
JEpaf )T, 3 10 NFEshIFR#S 10 N HOYBTFFS(U.S. EPA 2001a). —4E75HL 58%,
4 128,608 EJT. 1ZWH AN 176,534 70, [RIHIAR—FF

FREH, HET AT TR Z MM Greenville T B4 RRIR I HIE HEATREEH 1T,
5 T BE RS AR DS AT AL —4E N 200 JRECHY, BAEA 5,000 3£, RIS
N 0.6 4(US DOE 2004b).

PLE B s A0 KT B R AT AR KR AT . s R E SR I, v FH 48 i 3 AT AR UK
BT GKT, TTRER 1A 50% (Price and Ross 1989). RO EILFEAMEE L, &k
BAT TS BERCR E L K ERAT i Y 50% 2 60%. TREZ A, &8 i )T 1 8 B SO B 0T
REEICE AL IR BB TARES P 384T AR (GM 2001). = R ANAT I BR B BE R
EgEioR
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RRETRIEAT . I H &R TG T (HID) R & AL SR & 8 s AT o BB R G0 = K
AT H A L AT B AR, Re TAESA R TR K. B R4
AL AIRZ . IKEEFE. AT am DG BUIC, B riestt. Bahth, =
JA IR R R i W A6 E G ZEAMIRRZ O (Martin et al. 2000). =LA R
o4 @ AT ST 68 50%. HT#H RAA &8 <] EXEA RGeS, fae sy
b UE RGN, ER e S AE N AT B AR Y] 185 3£ 6(Martin et al. 2000). i
RS IRIR REELAL, R R AT RN AT m A =, FRRLES A (Worrell and
Galitsky, 2004).

PR SAT (HID) BL . PRI R BUB A AR . FHIRE AR — L)
PR BAR BT T 5, AT 30%H I H] Hi(Toyota 2002). Tl ERE I LK
PR AT T SO LAE AR 1 RO OO PR ) ik FE T B AL, R e B
PRARTLE S W RE AR, RIRTEIA S EBDC R A RIS IR .

BT . LA T IR 2% B B B 75 F B IR E R G2 Hh SRR e FE I — Fb
Hle. HL TR 28 b H DA 88 4 L4 12% % 25% (U.S. EPA 2001a). HL T4f#sthf
WHETIRE(Eley et al. 1993). UIRBIMAREA H BN NRBRRAL AR5 F3h L%
TiRE, TRERCR AT LA T 65% (Turiel et al. 1995).

RS Ao B R IR B O G AL, ATR R R R AR, e AE AT
HARRIIETG . T R ar g b B 4o A Rt a3, FOBCRs SR BT T BRI

BRI BARRICRK DA RIZH, Db @R HEN NS CHE. &5
EWHRCIHE, "> N TR A B 1304 70% (CADDET 2001). AR T4 KK,
H R IRROC R GAE A IR SE BT, TSR HOE . AT K&, FRIGH
JERT D R A R . BRGNS @SB S 8 —1K, Al T HoAth 7y e 45 it

oA EBH TR @EA NN GITI B .. ALBAERA TS HEENERRNERA. T
[ EATSEBIZ P AR RS KA LT v susE BEA g5 T H..

B BRSO SRR, PR R IACR . T BRI E, EH E
FLLNTROG, DUHRBRIR S5 LR RGN 8). HRRICEARBIEE 7 23
MEEH . EOLHMCREE . FRE . mEmiis CrRi) KRE. @XE. BREM
eRE . ENE. BEADCSERE RIS KA, S S RO F, KR
T EARMITE
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I AR AT E H 7 838 A R BAK 6. AREE L TARE R Ty 3@ &R A H AR R
o FIrAASAIUIRH HARKE, Al HL 30%% 70%(CADDET 2001). TiRemaKAl 5
HESMA R HIZE R . TV @R BARGHIN S, £ 5@#0EMNE KR,
I ERETnRFH, R4 HERE T RIMERZEE, CRISABRLER SRR
o

HHREAEARKAFIRZE, T 245 507853 R fe i O 5T 0 B ARG AR M
HE#R B (http://www.daylighting.org/) . HAAKIERA M RIIHZ) 4 5, A RIRCOHE %

HERBHRS . BEBESHRZ DR, RS DA . sk iE
FEARHR I RERE . SV 5 RO R EEG ITFRERZE S0% I mAi ek B &, 7™
A2 90% T B R, [FIR REFEEE LU J S 82> 50% % 60%(Price and Ross 1989). # Pl
— RIS RKIEAT F S A R A R U H IR B R 4, 45 RGP REFEI> 50%, Ak
REERI AR DI 10% (Price and Ross 1989). A3 5K fili&] 5k 26T Htilie & stk
[T )5, WEZAHFIR TR . O M B R g0l v] olcs BB BH I PR KRR FE

Electric City /A F] /& EnergySaver ZHAF LN RS, 12443245 2 R vk SR LA ) B4 v e Tl
TR, AIRAESIR AT B R, AR AT R RN, HASRBDEE AR
59, Y4F, Bristol Park Industries A FIH MRS EF]. 4 Wattman® 11 B FLE 32 )
fr, ZEHER T H T WA S RCHE U RS, WA LR Y A8 &R (Bristol Park
Industries 2002).

5.5. MEE S5 & IRECIE

POATI 5 M DAL R B A BEA BAR 2/ 2002 SRR, B SRR Tk g Rt
BTN 2 TBtu RIS BT3B AE F AE RAR SRR B IR D, Fak ke
FRVEATH] 2 TBtu HIMME ORI & & 3. 2500 DU RS A k. A as T
FIZFE A 7 2805 MEN& R . A Tl Rl Tl 2 B A7 b A T i s b
BERZHOVT RIS, KX UGERE N T BT AR RIR A RAL, 2R
SR RAT I RERR I, 3D BRI

WP AR BREIZ D EEATREE TS T F . X% Eoes T ZRAEN
P FRARERUR S elag A mlilc. B T RN HB T RESS I, 2 IEE R, A

28 A AR Rl B ) 3t L e G R T LA (3B S 58 ) o
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http://www.daylighting.org/)。自然采光系统的回收期约4

BMNIZE RS EM. RS ohEsE Sl e T, BERE N ZIR RS TR
(Ganapathy 1994). Ait, A LXK FHEHIR 2 WIEEN BT M 24 st Hig 7 2CR—
4 7f” (Harrell 2005).

B - BTSRRI 3 88 Al SO P (R e B B G KR B, R
AR AR S . R AT BRI E R 2 et
EARHRBCE) A2 IR 2 BB A R) . RS Rz A SRR R IR,

LA E SRR AR AT AT H K . 2B 1% 2 E AR EUE N 20%. R
SEACHR B & Ry, ACRIREIREII A SANE o RN IR — S AL B AN SR A

R BURERRL 2 S R TR S, DU AR iR G, EMREUR S RO TR TS de 21
IHEBCR . FATMBUE X4 it ol B ARG, RS T N AR P A B A AR AN 2 K

Bip - BABRE. BRI ZHEASHBRPFEESE, XA 2RI GE,
[F) B B8 IR S b o . BB AR, TWHEENIA 2% % 5% (U.S. DOE 2001a).
XFEANFE T MIEEA, RE RN, e MgEE . RATIX 5 S
SEARMTTREEAREA N, FALERR R —HER.

WP - BAOEERES. MRS SHESRZ, IRBEMMBTPIMGEREZ, W
T A= 2R gt kb o BT 22 5B MEAE DR EN X2, SHELHE
AR 2SR = W O =R L EERY, (2 15% /2 A 2% (U.S. DOE 2001a;
Ganapathy 1994). & SERR FH & EF P RIS . DIBER SARM N, i
TRERER ., AP YR BT RS BT RE RS 140%, (HIXIEHURD ..
KA HERSR 15%, MEARHEL AN, T sefEtHE. B4R,
D 15%, USRI 40 FEERIK 22 JE), BAPRERCATIR S 1%
(U.S. DOE 2001a). CIPEC (2001a) FRUMIKHETHI A S B> 1%, S BeRC S m
2.5%, I BRSO RS S A ERAFNT HILZ R (Harrell 2005). 2% 41
R, Jb i s R EOHZ 5 A~ H (IAC 2005).

I

e

P - W RSTIER. DUERRZRE R RS, a0 & B
S 2 59800 1 5 HAR AR I, SR RE . — B X IR 30 MR BB AT
N, RAAIE AR REE A T BRI ER 3%%2 8% (Griffin 2000). & /JKT
70 psig B, TREFE R K.

WP - BB RIE . A FAORL AT A A A DR AR5 U (0 A 7 B (R L A R A 1))
SO DRI A P e RN A A PR, B P b e B S DL mT D 6% 2 26%. 22
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B IH ki RG0S IR PR — IR, DA s H . BT EF SR
B, NI R R LR B 2 2R Bl (Caffal 1995). 3 —NUF AL EA YR B, Nk
R, EE RS 4ERNE] B RR A, BIUSAHAZR] 4 A~ H (IAC 2005).

Bgp - gEdP. SR 4R I E Al R BRI 1) S A A REAE S EE RS T I AT, kT
KETRE. REWMBZ RIFHI4EYT, MRl 5 EK RN R ST fg 2 H 0B it 5l0E Ar
B, &R RGN RERELE 2 SE 2 3 NN 20% % 30% (U.S. DOE 2001a).
fliTt T REE T2 10% (U.S. DOE 2001a). ik 4Ed Al J iz sE o 05 S i HES U .

XoF T4 A TR s R AR B AK IR b R 5 SRR R HEAT 4. AR TS B 2 Rk AR AR R AR
W, B AR R A S BRI A, I DL 8 A A A S AR AR B B

KA LSS IR WL 2 i T SRR a8 . R36IERE, 0.03 J5-1(0.8 =2K) R R
SIEARAE I 9.5%; JEFE 0.18 Ji~](4.5 oK) SN 2 d /1% #4F 69% (CIPEC,2001 a).
KIGTTH, FAIRIE 0.04 HE~1(1 2K), AR E2IGIN 2%(CIPEC,2001 a). H45Goxid
NP ToVEAE

W - EWCOESEIREE. HRYE CIPEC (2001a)f4R55, IS B 2 R 0 e b 47 A
e AL B R SR MRS BT & A AR RE ] F A 48 JE 28 DL TR AP 457K o RV R AL P R
FHIX 732, AH[EIUSCHE 2 REIE ik, e /NP

H A B WSCERE ()R BRAE T, T Db 25U TR A8 O 4 B 100 iR B AN 2 T =P & R 1
V(A AL BT B B o0 B IR 1) i m LR o AR GRS 2% Y RS, 7RI
TR AU R R . SEBR b, B TOKBI G B RECEGR, RS BE IR B 2 B 4G
KR FERIEEI, K TR E . BTEL, A SESRSINZa /K AT, SeAT P 22 8 o Tt iis:
FE, BAEWE. AR BT RE LR R AR R L R SR R R . B
JR S R PR I 45 B (BRIG 25 JZ), AR &R 1% (Ganapathy 1994); i,
T RE R R R R S i B R B . BT R A BRI B AR AR A A
EATY AT 22 IR AR 45 K BT & W i, AT AR T8 1% RE & .

WP - EIWRREK. I (A BK AT LT RS, PRI B S /K /s HT I alik
IR 100 FE(FRIR 212 )RR, WOKEH B B, A Rekr 2 R R 1
(3 PITICIE LR ¥/ PN 2V TGS SuR S A2/l PR 2 Pl S W R E < M AN
BRI A S SE VI S sA, D% eI MR ROK IS B R gt AL,
ETHATRMER R ZH) R CRARX Tk AT EEM T4 10%, [
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W HAZ) 1.1 4F(U.S. DOE 2001a; Harrell 2005). [BItABEK B — N Fab R, KRR
)5, ARG ZEE T B (Harrell 2005) .

T S VA T B R 2R R, 3 AT P VA K T 2% DL R 5 R B A i O 2K,
BN

B -EHEG BT S IR /KB R RS (IR ) HE B, 1% B 1 e P i 2 7= 2R
REMAER. BRI ERAANE, HTHTENRESHTAOK, X7 Em] Ty
BN 1% % 2% BB &7, Einstein 25 A (2001) Filfili [BISAZ R 2.7 46, TifEZ
Ab, ETSCHETS FARE T BRIR R VR R BRI PRI T REIE . RGNS AT A 2 DR T ARy 43
i

B A T TR Greenville 11 T AT BEIRHT T, HREIAT 4 S IARHIY
i, B DLHEYS 22 (0 28013 6 R 87(U.S. DOE 2004b). a3 FIKCIIEA - 18
%

Wl - DL TP AT B RGN o K RESR OB ok, Pl B v RE S %
AR HE I

HTRRERKERE RGN REREFHEI, SF OV REER K I EZRIE.
FENLZRIRACIE R GU H AR BLA . gl A2 R 280 B s 21 75 2 B 28R T 2R
PEARAE AR M VR FIAE tBAR Tl 5. BT 2 AOFARE, AL HGE s Bk AT I

AeiE - BBRIEBR. 2 ORIEA R & B ORI AR, AT AT 2 260K
RO HRE . EBEORIEA B E RS RSRRE. RS BINIRE K AL
B AWK AhbedsE . BT R AR ST H 8, CRIBATRE ) AR 1%t 7] 5E1R
HE, XK AEE: R ZRIZIIRE A S RE R Z RS, DL AR ORI T
PPtk (Baen and Barth 1994). HR4E 32 [E fe YR 28 BRI B AT R, 38
BEA FARERCIE REM R ARIRME, TT54) 3%% 13%1 AR, RN 1.1 4£(U.S. DOE
2001a; Einstein et al. 2001). 3 EFFRIIE SIS HEAT ML I 2 AN RO BN, K78

7 RET LR HEH 10% 1988 7K (U.S. DOE 2001a) S HUHES  13% % 40% #4468 (Johnston 1995,
Harrell 2005). Harrell (2005)75 #8220 R4 n] H BTN 28754 B 40% UL L I HETS #REE (S B 208 Bk
T RGIZATWIES), R AIHATE BT ABER, PAEI 40% DL #EE
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RE B G R RGO, FIBUYA 3] 6 4~ H (IAC 2005). CIPEC (2001a)filii17E 10 3
R(3BAR)K. 4 BeH(10 250 SR EE EVHTIREE, FUONAE 6 A,

mx - RE%EY. WL BRBE T ABRCE RS, MRCERRERS. W, F
SeORIERAT AR I HARIR T, S BURREUESE . B, EMma. 4ed RiE RS0
TR (Zeitz 1997). FATEATREE S RIVCHR#UIEDE, HIA Mk iE XL
Kot 22 7

Bl - EBRIRBUKR . ZREBKRE RSO BaNRE R RE, AU 16, 12
SEJEM R . ZRVRBK R 2 B p 2, SR A S B R ZR VR IR (TR K 4 B
K 2 BLAR)EE, BKRSIE, e g mHi s, BRZZR RS, TR (A
Fio BUKKIMPL SR ERE: PTEEMER . &M T ARIMZERE (Alesson 1995). £ E—F
R A L L E 2 I 2R BK IR S, AE] 5 A H RIS A (IAC 2005). B4
54 2,372 MMBtu IR RS .

Bl - P ARRBUKR. S —MRaip) 2Rk R EDE, H O ORET K & fe
W4T, ALAR/N RO B KT AR R . A & 2R B K R IR AT I SR,
Tt 7] 5 2 FH A 10% (U.S. DOE 2001a; Jones 1997; Bloss 1997; Harrell 2005). Einstein %%
A (2001) Fitfili IXAEA ETWOHA R 1 . BAARIWURRE, (HEA4ET s S H ge A
TR R R AT I, MCRATRMMOEM T HAZ . WHEERERZ I, ZERHK
832 AT 1E W e 28 VR BLIE R g R IUR S oL, KT R AT 29 5 2 AR S A .

Ak - B3R ARREKE. E2REKE En3aahhsss, FRET4Erme,
AT Z RRIREN AN IR B I BIMA . IX R 4t LR AT 2R B K IR 4E 3 5 47
PRI R 28 5 K 1 I B iy, A3 B AR BE P, 3B Wt 28 V3 /K B R e DA By AR i
TR A A [ B ha il g e kTR &, RSP AS TH 2 EUAON 28R K IR gE AT 49
B2 5%, [FIHZ) 1 4528 (Johnston 1995; Jones 1997). 1] LAY ZE VAt 7K I3 4T 4 4
MRS, WAL H sk A, ZExEllss Ty, mREzii—
RIBAT A S 49 1A

DL E AT RO 0.75 RIS RBETIHES . ESEE, RO R IR A E A A AL, (A3
REVRANT M AL
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Blik - BERH. WEZREUKIE, %E S E4EyE, ks s
B IR . B T RIE 3% A RERA, SRATIX I H W n] yg > EAE ™ TR
TEOL, KT R T2 5 Z (1 BE IR (U.S. DOE 2001a).

Aii% - EWNZRIR .  4ERVRBIK IRKE A K T 2R L% R S HE R R — A 85 R
W, INZEVRBR ST . W E A A HES B P2 AR R I 289, IR e 28 950AT T 26 P R R BT
#E57K (Johnston 1995). XML AERE AR KEBA BT T ARG HL, BRI I
ARG R MR — R IS R, DUERE i & 22 1) 2RI BB 75 1) L 20 AR B nl
REPEA K. MM, W AMARRERZERRIH T, BER 28R B0K RS, RAT
X TUHE AT BE MR A

5.6. HAREE T Z MBI REHE 1

BRIEZE - BHE . AT ORI EITEY, v RR4abl k(@ REGCOR) 51 R = N iR
ZEARAk . N, kb 22 BH 28 S I B R T A4S B BOGIREL, R A TR
SCH o AT AR P SR B B AR L A B T B SO R, B I, — KR
H= A Re e = i> 13%, HEeTR R 8%; 7 —F & H T HEEFEERD> 18%, HRET:
KU/ 12% (Konopacki et al. 1998). FERIA IS MRIX, [AI(7E 4K )i A 2 Tilid Bl i #4
P ENANERE, FAARINSHUETREE. R 7RSI EN# S S SEX, 2w
THE R A HAD E E R RARE: BUREM . WA S @RV HES. B0
MR AR RS e e

FE T B R TAE I 7T O i R R, k3R g RIE 5218, Al S @ o
VI RS AR . &R, HTSEE R, 2 HID VR IRIEAEEAR 2,
B35 75 fe 54/ IEA (Holtcamp  2001). 24l B2 3R B [ R DK S LRI, P28 X E T
KE-FERTA K 32 EERIK 0 ). 54h, BT KR TR A, b
A LB R KA IR, IR is g S ke BT, EE 2R ETmR, —
TEHEIT 1000 JF AR, AT eERAR, B2 B2 E ) (Holtcamp 2001). Gap A
H] 1997 “FLEININ San Bruno TR ] 2238 T 4% )2 Tl (Greenroofs.com 2001). [ T Lk
R ETNE e A mERKZ A, XL TE T DRI R K gD i 2 Hh 2
7K VA A TR I -

ICHE S A AT DAPRRAIC 2 i e s O B0, b P DRI R . ISR RE B A =28 =ik
FH 5 55 EE (4 0K HL 9% i 5 vy 1t (X5 ) 5 IR R B 45 30 B (RO i 2 BR s 1) 3 [X i

FH)(U.S. DOE 1997).
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FLeAF LT, A HAR BT BE BT B 073k o JERH RS AT B AR e T LA O TR o S A
8 PR (R AT IR, 24 RANIERH ) J OB A ST P R U7 o AETER R 2 3R
OB PR PSP E SR IR EVAPIICIN: T e ik / RSO SAI Eh Ol N e/ R R Ep Ui (kS
KR -

HABBRE S T RERE I . 757 R HURAT A A IO 388 = A 1 R4 it 00 FH A e 3 )
T hr, JUHRA AR A . B, RS RE BRI LR, At
AR METRERCR . $ m s & B RIR P E I AMNE B KT, Re B S I A
AR KERREE. XIS, TINERE 30%%E 40%HFHGE & X St ik BT 5 5%
BEA] 3R 25 T (Jump and Modera 1994).  BnJH Apple Valley 17 1 — ¥k 58 H % 5h
ORI H TG RERI DL ERRIMLE . XL ERIEMN 582 cfm
B2 74 cfm, [ BF 42 e B8 5 R 1Y RE RIS 34%.

R RS LRI B ) — L — A g . KRB LS Tl
EFUAEORER 2R, UMER A " fid s . TR, &S
HoAh= N BT K (U.S. EPA 2001b). A8 28 7E B FAT LM S B IhAE, 241
Pt 2 BUROR R J LBIE I B . 20T OSRAM . Sylvania 4 B2 T8 E AT A /R M
Exeter TAYIIE L) I IS OLE KL, BALIE &5 51 AR BE R Z) S B 12%
(D’Antonio et al. 2003)-

T FH b b P AR TS A5 B8 A7 i /e T 25 4E 4% 35 SEZ0n), I A3 5l X L4
EE T ZE A BURTARSZNRAD, AREZEFRNZLS FEE T 100
JEICA 300 SEITHTHLBR(LLEET B 0.75 LTI B R iHH), [BIUHF08 2 2 5 4
(U.S. EPA 2001b). #R#E Haggerty 5% ANHUMFFT(1998), s AHAL s ai ) HE R AR 2 A
MIBERERUR S RETR A B R iR TTREZ AN, i O IR a8 e D N AL AR O HEIBCR, /N
AT A A O A 2 K iR A

OSRAM A HEIALT Sylvania T EIEHH @R R4 )G, TR RARAE 10% (FH
YT HEER 1%), —FER] 1544 24,000 3£ J6(D’Antonio et al. 2003).

PEEC . TR ARSI TN S, R 2 50 0) LT RE Ik

DTG G MERAGEREG LT, A AR AR, e RO L AR e i )
R . B, ) AECL) BT A= R 48, n] b Fois i i m) s Fedi
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Ko B WMATE NS M E S Guardian AT H N LG ALIMIF LR 3% T 3%
LA 2 JRELR AL, P IE i3RI al $2 4] 55 PTG HL 77 (Anon. 1998a).

A, BT BRI AR ER D (0 k), AL S B I BORA WAL . H Al
SREBE LT AR EMAC, A s s R I R A R a . (HER
AMERRE, N EIRFERTRESAT R E RIS, ARRAE A LI A R AN ILAF AN

ELIEE A BT B A BB RS AR R A, R Rk S S b A A (i
RIS EALRBHAR). BT AR TR ZMIN Greenville T HIRFIRIEES 1. 4T HE
et fE, RIS R AR AL B L, IR R R LI IR AOR TR F I
GRE, RPEHLR KA TR B #EE . AT IE —4E R[4 R 20,000 MMBtu IR 6.7
JKELI FFHE 77(U.S. DOE 2004), #HX4— %) 270,000 0. TiHK R ST RN
732,000 376, [BIWHIZY 2.7 4,

IR 1 55— AN B 2 SURFEFR (Korobitsyn 2002). fHIXH AR H T AR AL,
HEAEMBEE L) RS RS2 B Al AT, i LA A X IX TR it LA
ik

WRe A, RIS B, AR ) AR R B 2. Blin/E LK)
BATHIRTFE AN, PEAR B LA 95% % 98%[K)iz 4T /R4 (Price and Ross 1989).
WERAIE R A E, £ &R AU HN N BB = LA, AR R s 2 e
¥ — oL TF AR S R SR, S B bR A LI R R B
U, — AL ATTRE 20% %2 30%. 1SRRI fadr 5082 10 B A € 352 419,

THEER K,

5.7. #EEZBEC AR

AP B M ECR AR B S UM BT 4a, P A B SRR ORI . A7 B T
2Rtz medr, ARBIECT 2B s L. e e SR TE. B
RV AL BT AesE T S Tt

AR ST Nad . B TR SR RAIRIRIN 20, FrelspE
ARG, AR ZREIR, BEIRZ - DLIRIE TR
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TRAJERHR R Ty, 6 B i R R, R MA K. R S R I i
MHIRE, RIS S IE AN (], R R, L, W R R
BT BC EORMES & N B ST A P 5 RO Tl D9sRVRBIS 2T, AR B Dot FAE URL A K
MEF S GRAFRFREIF R IR G B, TN L . KRBT RS SR
HHE, MBI EE R BT, R ERRIEABRBRL. DT 2
N IR R, X7k R R

e A Rk & B F S R AN R EENL. [ EGRFERINL, DLEM RS e, 3
BEHE., X LZnAET, HaaEfyis F s . 8%, AR EFERBE
W] M 7 SR K] 4% (U.S. DOE 2002a).

. KRB EBRIM S BE& . B A D 1 V2 i e AT T A
(R I 2 5 R RHE B T AR R BERL (Wang et al. 2004), EIAZEFRA &

B - FEOR. MRS IERKEREAER, KU ARIEESRE. H&
ROPEBORES GO R E0R, f UBR I RERE A, filid& %), T E R kit
T E M HE BT B EROR . MaxxMill®Z i Eirich A FIJTEIEIN B S sk,
2 T FE IR TR ) A REARRLR . H AT AR ] S8 FE i) AVEIE, B AT
il X T AR R = A 2 D AT RE R

BE. RERSEIINERE, WML, BNl SRR e, 2
THRE NS IERINEG S FreL, WRE T 2R R 247 040, X 2 i S &Rk
JRARE R . IRBEOR AT 4 0 AR A B e a5 5 oAb B e 2 o AR SmALRE RS 0 b 18] A
REAEZ IR K. SeIB IR S5 SABEHENL AL REREDY 10 T BL/Ml, IO 3AAE R AN
e SRR AL AL REFEEH Oy 20 T Fu/Mi. smALIi S REFEDY 50 T FL/MiEk
B (Rikken 2004). AR =2 KANH A 7 AGIAL R, EHJERIBFEI RN, F24maC
PEROLH B2 22 A6 (1155 T 55 /D (Rikken 2004). VRABHS FEH 53 75 R L), A@E Al
P i ks 8 5 A7 s PR B R KT BE . EOWIRH

BB IS InBhtE 2 T RAKEL AR AT R . Al R W B s . ot
2% 5 42 10 ], RS YE N BIEFIIG K k&2 (U.S. DOE 2002a). i H
ok BEAL B W B IR ) AR AR T RO, M A RE AR S R g FR L 38 AH R ) SR A
T, KRR ERAC. BB R AR BAE EINOR . AR IS S, AR
Fe & R R A INEE, IE A I REFETR SRl 5% 10%, [FIAS 20 AP0 HE R s D
(Grahl 2002).
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FEAREC SR IR . B &R AT I | K (S LA R E RN 2% % 4%), #fizikid
TR I EILR,  [FE kA 2 B 0 ORIEC A R B3 SR o el A 2D B AT S K A
HERBZIHZG(U.S. DOE 2002a). A M LGS BB S5 N RN ERE , 2 i PRI &)
FE S0k Ry R0 T5 o BT BRIV K o AE N a5 N 28 R I 2 I N RERE, P AR L&
BHEE P R AR BOR TIEgess S &R E, AR EKETEK 1%, 185
FRIIR R FH & AT Uk /b 0.5% (Beerkens et al. 2004; Lindig 2004).

EEEPEECRE . 55 O kR R TR 1) 22 S OB 22 ST C A B B A 2 OB . 4B 3 RLAR
WK, 44 ] N S AL IR (Carty et al. 2004), 3633 e R} Al 3 Ik B A Bl 5 - gt
FREL MM S N, SRR RE R, dBEmi4e L E LT R A . WIAseIt 45 REIR, 13
PRI 1B AT 4555 50%, FTRERCRIE 20% % 33% (Carty et al. 2004). H Bl 14 & J& |25 =5 DA S
S EETSEIR G AR ER, JFUeH TG40 BEs LT 4e i A7 . HEATHE % T80T,
BN R R AR AT, IR TE AR P B AT SR B B . H AT IR TR AR IR 7R 3R AT R AR
A, AR AL

WA . WA AR AR E, BN BhekmiE s U . sERuR i
B AN . Wt E B R, DARIS IR R BT AR o XNE R A
B U2 R AT R, A RERRARYES A (RO AR EE LU R anid R gk 5 ),
JEREWD BT AL B R R SRR . SR RAIE T RGBT s B LR
B R S8 AT R IR IR A 25 (WA 5.3 715) 8 FH 2807 5 SR F T it oy e vt

BERBHLRN . AR AGHEN SRS FEAALERREEFED . Fik RGN B
RFAHE K. R BT 25%% 50%H MR A&, EMRATGERIA 4%%E 8%.
REPRARIEAR F 38, ik vT eSOF RSN L. VR, LT E I ks 15% 1%
OUFIBAT R E] . FTCL, A DHUIEN T A 2 IgE gk, N LR PERE R %
SR IKIRAENLET, MAZZEHE AT/ AN, W LRI R . S —
AR T IE RSN &, SRFEACKI LR SR H e

RN, mRCEHLGE LR L it SEAFRIARE N A ZE S I RGBT
KEFRRESR . T2 A S LI TE, T 28 5.3 17,

FIAE IR A48 /A E IR BN A8 . T YR Bl A5 PR R AL AT I AR 07 28 5 oK - R O 4 14
FENC o vt JEURE T 75 R H 70 o JEOR IR0 T A o o8 P T Sk IR 5 8 1 e A o T
BETT D R IE B, ARBCT A Bk . TRRRERE. AL, dardd e i g i T
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BRI RERE WIAT I, (BT B R LU R R G0 5 KUHL A G M mT R s g s 4 7 A 1
B 3% (Nadel et al. 2002). 2% n] IR INZN 4% v] SE R AR 12L& R i)
PR TR FRARBCA MR, 2 T BRI AROR LS AR o

BT 2290 20 %5 n] I YK Bl 2 T T BE 8% 2 15% (De Almeida et al. 2002). AN i
1) RS AR 335 2 2 BR FH 3 RO A [ 1 e B0 22 5%

MagnaDrive RZiZIEH T4k RGN — Pk R4, EidilE REFAwEAE, 7
FEAEREIFREEE (MagnaDrive 2005). MagnaDrive 24t r] PLik T 771 54T 20 & 1000 [ H,
ML, BHERASERY . SRR RN RINRE S RACLEF R ER L, DUE R,
MagnaDrive RIFE RGN 2 HahiF 1k, WO BEPEHE REFHMA M. H
WX R 2 Is HIE R 4IE R S8, MagnaDrive WIS O T A FAE
1, kel B ER TN AT R SRR HEER A IS T 23
MagnaDrive RJ I IRENHS

FRAEEN (GRW). ERZSHI T, R 2B ayRsh RE P A E, HIRE
B e v AR S AR Wil K46, FEREREK CIPEC 2001b). K HRitE v
M B w T RE A R, Ha R RIS AR NP . Wi iRE
B, A ERK. g, SeRtbriE v BT 40 2%(CIPEC 2001b). FHHE
LR AT R T BE RO LuARAE v YA 6%(CIPEC 2001b). #4 v i 4 i ik T s
&, BN S TR 2% % 10%(Price and Ross 1989). CIPEC (2001b)fiit & rift v s
TR A RO T I RO 6 AN H 3 3 HE. B S E FORIB AT L I R BIT 78 R,
EROEIE AR 29,660 FETT, FHERELA T 17,250 Eon(Ek 1%H 7)), BUH
2] 1.7 4F(IAC 2005). IAC HHfE EI 5 — AR EIAS T, N RS KA 1,046 T,
BT L) 709 SETCHIH 27 (0.2% K F HL &), [FIUAREHEAE] 2 £,

WA RS . (Hidh) Sicon Roulunds 2 & AR & AN 2 /G 3= A5 i 3 ) =0y Uik
B, LB IS E R R ERL, AR WMHE= A A, KRG MR, 7]
T 90 B, REEHZ MNMmEN, AR M TR 5. B
sy SRR, IBIRXEREREASHAFE 4. RHEERIC H5 T
xR EAZ . AT EATE X ERFR 2505 AC (M), Glava A/S (B,
Glasuld A/S (F17%), Gullfiber AB (}ii81), G+H Isover 55 Schott Glaswerke (% [H).

S B SRR o A IS AP [ A3 (WA B 38 ) 2 PR 1R 3 B R B (L e AE (BE 2
R PGB R AT 18, TEIEE 5.8 ). IRZ AN T B S5 IR IIH
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PpiE, TR E R T B, A Y 2 ik sz 2075 Je sl oA 2R i
P . ZRE MBI B, B REBIEM RTINS MR Eca HIA R hiE#E
K, FHMREEEIAT R ARG B ARG SFER N T 55 E BT H |
WA R THEAEYIEM e EEE . AR & R TH A 200 T FLIS /M, PR35
9 80 T-RLIN /M, NEGEIZIE )Y 155 T FLIt/mli, BIFL4EN =k 337 TPl /il (U.S.
DOE 2002a).

K H FTIT A BETHOR IS DOy RS B I3 (Fuhr et al. 1995). JEHH B IKHE =
FhEEE 25 B, WS JABEN 5 AME .. e RO e, Hih
FBUNZERE FR (BB XA B TR 2% o AR 7 B HI R, AR 7 IR BB AN i
B L E E ik 99%. XA 44N GlassMax IR RESE AR A& B AL F NN Livermore T 1
RemCo A F| A o 8 IR Tl A ] PR3 3 AR B K AR 5 R A . R 21X
TEREREF R =, MBI AIREREN 5.0 £ 5.6 TR, BULTHEHAER. 817,
BEI R RS PR WAL T (Fubr et al. 1995). 1847 AEEM GBS 45114 0.04 25T, H
A SCHRFE E X T AR [ B AR G B . 2 1995 4, EFEH 10 KL # M GlassMax
FEAKE &, FEE 55 LN &AH —2 ) A (Fihr et al. 1995).

PEBRFR R R /N A A, KA 7 it (An o) BB e ) t A S B . A P Wb B B X SRR IR
I Royal Doulton Crystal AF], TAAREIIE T R/NE 12 JEOKZ 20 JBEK 2 [A] 5% Wi
WIS A ER, AT YA A S o B I (ETBPP 1997). Axd, [ N H™
R R 30%I8 X AnitE, SERFFELA 560 MBI 91E R 7Y B,
1997 4, Royal Doulton Crystal /A R ¥ % W SEEB IS MR R G, HX L] RS RIE
RIMIE 2 75%. HTHEIEASHCAER TR, HAH IR E R,
THFTE RIS, —EA T4 190,000 3E1(1997). XA RIS 3 A .

M. POET MM EEEn, DUAHIEEEE, SREIEREHE. B
DL, WA BB M 2 40 0 TR AR B ()i AR B 22 0 B BRI g B T %
50 AN MSS (3£1E]). Countec (£H). Toyo (HAR)S Zippe (f2H), =AETH L
HEAH T 22 BRI B A B 70 B e R o 38 AT FH X 2843 B AL 2% P 2 BUR &8 |1 =l Y
OB [ B, T AR BT

AL, FAR P OB, BB S B S dh AN AR T REVEDI A AE . fE

gt b, REEFFERH B G, mAEsOrEIEHEBEE SR 0.5%, Jim4E
PRHE B . AR EA R OIOE, SORBIEHNETE 30%. HlH 2R,
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SR FH DR 7= 3 B B P S e B 3R = 22 3%, B AnAE 7y k. RS, H
. AL sl 58 At i 4Lt 248 (Dalbey and Purser 1996; WRAP 2004). ANid,
XA M AR LAL(WRAP 2004), FITLL, BRI EA CBEECA SR ITiEZ
Ab, HETTI I FI09A AT LR S e &Rk b Gt B LU B IR 4R

5.8. BEEIAE

B TR, Mt s i 2B . IR BRI S R BRI R
PR AEAEAR AL B S 2 XA 1 s B OB E . AT E KRB 1E A T L
KATHIRESE B, HE TR BB A 25 B 5 &SRR EOR . ILA 1A & CRiLfi 4
BRECEL ) AT G AN, N R A AR B R o AN H R Se I A
Wa, EETHRRIEE, SURTHEIR RO E N LA S X 55 300 REAE 15
M (B 2 PR A B3 o

SR A I H IR T LA A B AL R RE o (1 B R DL R A e SRR I R, R T B
il b R S RE R ILAL . B BL, R S R A BRI, RN 6 T ASTE
F A R T (BB ESORIEN, PR Z AR T MK EEEOR PO P — IRy
ERORES, AW EHERMZBORKI T A2 1 WRLE SR ) S S AL MR J5UR)

AT SRR A SLARER A (v 44 R RN B S B A A O RS . 6 5.7 W EaLiA
AR OB AR RE, BT E, AR TR, T RO AR B 1 e
BT ), 2o T B B AR B RV E, 7 DA B A, TR B
SRR A S, WA R, MU R, T R 2 5 a
R BB ESR (LS 5.10 ). SEAH A BT ALHIGN , b RI% BT A1 AR [ A 7 o
) O L«

5.8.1. BURBEH BAE

T2HREER RS . #EAF, 2k 80%LL LG &M H FaiREoi fIf PID 548
(Chmelar et al. 2000). 2002 3% [ G5 7 2 £ 0T 36 B BT AT 1 — DT A 45 51
BIR, A 48% B R T FHVHE NI I B3 A4 7= 16 T 2042 (EIA 2005). AT,
S E Z R KRB T v Redl O et ELE RIS, (F/N BB A 25 ] et A &2
B, Ait, S SGERE L ZRBEES RS S RS AR E R, B A
TERBERRBIFAE S, Ko LEREEH REFAEENE T ZRESH,
B SRR T . O PRI REEATL E TR IERA LA RS
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TZRARER RAREAR BRT 2 A I IF RS 2 (R AF), PR (1% k) &
BHZERELZRAENEREEIR . A HE rORE BT g ], (BRI &, Xt
BE— DU IR A AR 50 a R (S A T 2R 0 3R) 558 o5 A IR
MHEE, KE. BINS HA QAT 2 B0 AL S ORI H , B — Bt e, i
EBRVF R DR B AR AT o WERCE RAE T EADELE . A, AR R S RO RS
RARTTE I (4 2 1 E A AR B 22 T 2R AL 22 e ) 5 A i .

et IR R G AT LAGE AR, R WA J1. 7 i iR S A e AR
BT R BRI B et i S Re e B A 4, Al L% TolkAT . FHI R G redi e
Fo AR 15 BN 8] ke i T Ta) S PR AR ROA . 4k T2 AE T (8] $ e BE IR A
FIRCR S REIRACE, UL SCEHPBCR M H] . T 2R AR S8R R e PRk 4
Th, JeRt i) L ZWmARE R R G LAl R A Dok AT . AL, SRAE R G0 7
Py 2R, HE 2 (et i R Gl sefE i Bt . DL ZRede il R GufF v sk
REROAEA, TR A AN L, BT LA IE NI 2D (Backx et al. 2000).

P 1l 2R 40 B ) b T 41 Ay S A= ) S B R, A I 2/ REOR 3 AR D A )
RY . BRI RS, RAENA T ZRES, FHIXEHmsR s HE N 5 gk
FKZH, UM TZRENSE. DBHZE AR RS, il B g8 8k i i
FER T S T 2RSS B rE S b7, DU e ia” M w5k ik T2
Wi, EHRMWETF K T LR EEMEE RS 56 EHBRIEM S R R i s &
FH I R G (WA R R B LAy B U M R I R ). A, BRIt RIRE
KRG KA, EiRZE O % 1) Santos Barosa i L) IR (Carvalho et
al. 1999).

WeEATIAHE T 2 H T HEGG 0 T 2ZRENEH RS, REARNERHREAESH
2 (R 8 R 4 5 99 A5 B Ik 1] ) T 42 (A PR AER B2 o e B v Ak TR AR = )BT mT Yo B, (Y
RERA—ER ST . R 12 NPT LN REWE N, XEADREHE,
NS LK L) AR EE A, #7100, 2004 4 GMIC #2 X B T 200
FEFEHIH R FIERE R, A IR (GMIC 2004) .
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2 12, T H _E AT SE R BB R AR A (R 5BH)

ZEH RS FER] i/ BENR

Expert System II T Glass Service A A]
GlassMax JIn% K Universal Dynamics 2 &]
MeltingExpert far 2= /L) 1PCOS A ]
SIGLAS- Expert TEETE]F A

Glass Service A B K T 5 _REFKZRS] (Expert System Il , T&FR ES ™), XER
Grnl S HIBEEA R a7 S AL % (Chmelar et al. 2000).  HE sURF (L
A ATHATZ EHMAS Z EHE (Mimo). "R 2N E S SSHOHTES . TTiRE
B BEAT PN —¥s T2 A BB AT B0 A [ A5ds il D e 5 BRI 45 4 o)
Ao FREON AR IGEAT AL S, FTUAT AR & . 4h, AT XERS,
JUFARNTD, IS ZESiRERREaAT, XM A E I Re 9D Bt i AL 2= TR A &
PRt S PR LR IREE I A T S R AR R B N AR E (PRI BB ph AT BE 1) . EK
A WEEZENRGE, IR 2% 3%, fem/ & 8%, HEWIIAZ 6
MH o ERRG O AL AL, DUSAS FH SR 5 4 S MR Jos T 308 2 A2 7 BB 41 4
FALYOE SRS T

TR [1EHIT XK | (MeltingExpert) /7 IPCOS A &) BB AR XS A FRZ = i 11548 %2 /0 FH e,
CRa M izt a, SR G B R YR g . ROV IAMER, A7 BB,
AL AR . A R RN PR AR A B s i, RO ATLIN ) 4 5 HLi 52
HoAs e PEER s, X LEHRE T R/ T BERCR . L) FiAth 0T mT A A At O 428 1 R 4
(41 Tubing Expert 5 Profile Expert).

Consumers Glass 2 Al fEZA A T INE RSB FHME LL LA Lavington 31T (1)L 0#E 3%
W) %24 T GlassMax = REGE, ZRAMUBEEEHIG A, FINWEEEHIATF . e
SRR AL AL . $ s dn P& . PRI HRIE i 25 57 I 280 (Cassidy 2000). JFR1Z %
28] Universal Dynamics AR FEHK, Fr=\n] [FMHEm 4%. BIBOHMGTHAZI—5, Br
75 %4 N 150,000 3£ JG(Universal Dynamics 2003),

FAEEE ] FA R TR RSN T 2Bk, TERBEER RSN~ e
BR& RIS ) (A T4 E Mannheim T B9 BT A T ) HE IR (dn e 22
Moerdijk T/ Heye-Glas A H]). 203 (U04EE Augsburg &2 OSRAM A F]), LLK
(R B EE LT 4E) (W 2% Gliwice T lsover AF]). RZIAAHRHTUT T FHIHAR.
ZRGAML AR A, LReHIATY, DUHAR A =375, SIGLAS Lambda &4t
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(FH75[E STG Cottbus 1T4H)&H T#Hl [ #r i —EH A & E S E. ZASaEiE—
EAL BB R 37 /E 500~800 mg/Nm? 2 [a], [EIIFT54) 2% % 8% FH ik

Wb 2 SRR R E. B2 AT SRR A BAR DL 2 SBTs 1 1
BUR, MKIRFFELIZ1T (Backhausen 2000). G EILIBHEET, £ A 5%E 10%id %2 5
FA%E 2%EMIES) . LRI E L RSkIE T, AT LD R & 1P S —E A
e . SEPRTTREE AN TS E, — KN 10%(EC-JRC 2000). ERERF & 15
THEERI KM, 2o —8 A A5 —E WS EHITEL I . K2 RTSR
GEEMM 15%IRE 5%, CIESEA] PAZD 35%1F)— 44k & HE & (Backhausen 2000).

ZINBEREASRBRNILE, ERENGEN TSR, HIRIL 2L,
IS B A BURPN RGBTy, 7% S, DPnESSMRE, Karigs
RERb. B B 220 — SOMBEB R HIE S Lax & Shaw A F], it TXANMERKG —&IHE
e A BA 200K A, BN AR M A R . IS E LA T
12.2% ) —IRAEVR, LAK 33%IK) FH GERUAS(EEBPP 1998b). 7E4 NI 12.2% M fEH,
30% K X & AEMS TREHEMIM T 208 A 20% X BB R S B % H . H 11%
FXHIB A TP e B MR HVEEE . 5 10%2 X4 725 FoAth 3470 508 1 (B AV 2
X I REFE T I 4424 320,000 3 J5(1998 4F), MILE T 7 517,000 3T RS H,
FSHA N 7 DN H o AR — M TT, REBEEHE ] WA S 5 B Bk, )
PAZE [ 2004 SERRR MRS RTHSE, IR B 1 4R

TR-ERABRN . TURE RGN T DAtk BT 2 1 . TR & R A b
Wis fAT 2 A4, ZBMABIEETR . RO, WaE SR KP. BRRRIDEHIA
BeSPag AT I (2 RS B E AR EE 2 10%, BT LVBUAE 4] . SO TIOR S ke
proa] DL DA S S R, IR TR AR, 9 RE R Ry ATiA 11%(Anon. 2005).
EE R E B ) HKIRZ .

BORIRAL LRI AT AR Eh A% . 4 2 S HEBEXWIAMFIZAT I FR, THIA R SRR
I T R f e RPN R . KLR G Y r R R B &, o m] T HE & A
SR WRER (S P 6 MR GE IS AT RS BRI R KN o

ST FRIR LM Warner Robins i) Anchor Glass 335) 5E B BEIR T 11 )5, K ILAEIS I 8

AL b 222 vl Ik shgs b, —SEn]I 7298 )7 800000 T LAY, FEIHIN 1.7 & (OIT
2002).
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AT AN [F RN = R A BE AN (AN AMEESRISAT M), 23 ] i
e, BT AEREIR A ML, IR B H &

KPR MBI HE H R BE A T4 1K 600 FEZE 1100 FE, A] LLA R EIZIR.
[l A A RIS ATLPT DAFE 37 R (S JiE SR VS 3 T AE) AT ERUG o BROAS R a6 AN A2 ] 5 11
WE LIS R SRR SER S E . AEE, T RIS A 1
AT ECR IR . TRARATE 100 JiEIG b

AT T R R (B 2R ), BRI SOANLER R AL, B T I R TR B .

WA A TS s, IR R ) T2 R AR A, AT Bk
BEA I AR I B s, b GE IR B IR AR IR o B BE 5 (Clark-Monks
2001). HERR T IBOR AR BRI D B ARAE BRI AR & SRR b, D AR TR AL B
AN [ T A P 7 T 5

T RE 8 B AR 0 FLA S M SR 3 B E &R s e, S 3R S Ar Re e A AL R
EI 2 AT DU BT 3R 10% % 15%(SenterNovem 2005b).

AT 22 Roosendaal i1 ) KHVA HE B 2 W] (FOGAT HIIE R ), K5 A A [l 34 28 0l 4 5
PREZEIT, HORHIE 2 AN IS I =y B B 2%, 40 SV 48 LA (SenterNovem  2005b). 5
ez J5, T2 400 J3T RN, BPARAR = —MiBREy, w4 170 TR . H ik s
D 0 BAR R GE RIS, PR B 3 A R W A S AR 75 T H I AR Y o

fif KAARHRRRAL . T AK &, EHEGRIA G R AERL, B a 24,
o QLA G e 4T S A, wiN AR A T RERE B E A
JERTFEK 55%% 65%(Lutskanov 1996). HAZEFRIN S LR A . LS HAIHL S
e A B B OB AN R o P A ), BE R R HT R, 3 B
REVR . H T CATB M KFRE, AT AT BB N KR 993 R e . SR 2 18 A
[ N3 BEAE A A0 R), SR ALTE e 3% B BR A ORI o AR B8 A Jl oo I SE A A i KA e
X7 R TAEUSEREAT o W KA BAR T, i H IR E I & 0.1~
0.2%(GMIC 2004).

W [B] FAAP (IR FAKE B AR R I T B SR kL, AT DASR iy BRI AP S e i . T RE R
WHEN 7%, BE B, 2EKA 320 Maa s 7B+ 7R A EHEC-JRC 2000).
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Lubisol LFEA R IR T #aL HERE M R, AU BERE &, f# H 7 fir 14K (Lutskanov
2003). %A E A RRE AT e AR I KR R OR SR A W, DA S A oy
AARBIFEW . RHIEH KN AR ULE, et R Aae, 295 B2 HEe iR 2
I 5%, I PR G s AR LT O S A ARG L S, ATTE) 1.0% % 1.5%H)
REL A, R MNARA WAL, — B 223 7k, 2R BR A =ik
4.5%(Lutskanov 2003). 3 [E 4F4E SHRpR B B — A NA 25 22 38 T RERE L, [RIUSCHHAS 2]
2 #£(IAC 2005).

Hii $ (1) Kanthal 22 7] LSS BEMIAE R, JF A LT 4ERR bR, COESERITRE . SEIH IR
WG A5 i i v i o B 5 5 S5 20U R (Frisk and Linder 2001).

RRAGEIP AL BB IER . A AT AR AR i 5 B AR T VR 4 A L X RN A R S I
B, 2O AL S RCR, A RMAER S KT BREI I A R 5
s AL, BT

FERRRBE . PO B L N, ORI S A e, R AN
SRS I EMEN TR E, TRSEIE 15%, H—KEE 3%%E 5% h
(EEBPP 2001). A= SM& REZEED 15%, AITTRE 2%% 3% /A 4. HAhUr kb f.4:
AR AR & & KPR G ar . R4 . SRS AT BE A 7 2 HA
BRI 71, KRB IMNIA 2. FEE Knottingley 117 ] Rockware Glass A &) £E 1996
. 1998 4F 4 1999 4E[f], LA Laidlaw Drew 2] fil i (RIkber 2 B AT IREE, W56
WmE, ReERIAEE, HREMRIERME, 2008, B TEd. 74T
L75%HIEHI A S 1% R . SIET54) T 6,440 £IT(HK 1998 fEI3E T MAETHE),
[FIHZ) 4 AN H . HAETRZ 305w R % 08k, e E BL24 1) Lax & Shaw
/Al EE Knottingley TF) Greggs A @], Hi[H Barnsley A Rotherham Tliff] Beatson
Clark &%, N V8 FE A4 50 57 B A 5 K opadr

RBEACHIRBEN o AR EACYIIRBEN & PSR I [ FA 25 BT SRR, T AE A GE
I SRR AT IR, RBE AR, S HBUWAREREE S, IR S
FFRRARIIATRIE ,  FIHR i a2 7 P 5 AR

1987 /% [H Steinback T [l Wiegand & Séhne GmbH & Co 2 &) (RIS i/ 17 —4

4 Sorg LoNOX™ Melter (KB EAL YDA ELIF (Ehrig et al. 1995). %12 (IR N K AR
K, AT EMM. LI LoNOx Melter BREGEN SR FAREILIS, FrEiERE N 3.1
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MMBtu/Iili (A 25 3234 TEEE/AJT), Rl E ) ZE 58 14.4%(Pieper et al. 1995),
e A, W R dE b R D T 2 45%.

H1 Air Products A m] 427 [f] Cleanfire™ {IREAALMIIAREY, FEA B EIRBI 4S5 —
e, R T EENY), SERUIN T RE S IRESCR B K (Brown 1995). IR L 80%.
Cleanfire™ [\ L [RGB E D 20%. FE, PP Ak, MR
TR AR

7% Air Liquide AFIJFR 7 — G2, I ESEY) & BRI (Legiret et al.
1997). ARG FIULIE, ALGLASS FC™BAIM A RBel F= A= (1) K i, BEM &
B KIEASER B RE, BT UASTERGAS, 1A PR KA RIRSE . Air Liquide
N FE FEFRIX G BRI N EeAL Gt S BRGe Y, BETT 2 5% BE(GMIC 2000). =4 &AL
HENEGRAE RN I 2 — . TR E R, R LR 4.
B RIEBRIEAR, BRI R I DL LU AR SR AR D DT IR T KA AL 408 PR
TERIE A 75y R D ok Ok R . A ERME ] ALGLASS FC™i#kbelr 2t 100
. BOC Gases AmIMIFK T Flakes, nTH TILAOE&BEINEE, JHT R 2R A
PIEEAL L F(AlChalabi et al. 1995). Praxair 22 & JF K [ WideFlame™ #Akar 5 — 5 il
BT T 6.1%HHRE, IFD 50%HE AW E(GMIC 2000). #(% 2000 4F,
ELZ2 3 17 5 4 WideFlame™#AEe)m .

%% Gottbus 117 ] Software & Technology Glass GmbH (STG) & &] i) Energy Saving DeNOx
(EsDeNOx) Technology [ 1 & T —# 5k, X S HEF RS KRRt =k
FEAR R E AL B TE B BEFE & (Birle 2005). #H R XERGHIFWHHAR] 1 £ . HEL
VIEIEHEE T =k 86%, — RN 40%. RSN T REE T Mk 5%, KA T REE A
T 2%% 7% (Birle 2005).

AR (FEH THEBAEREF), TR KA R ey o s e 2%
KRNI R 5 R AR, B T asbelr = 2R T B e 4k i 4 7=,
T RERLEL IR B 22, (T A LR BRI, FrLliR R frdr—
B (3 W18 # R BE ) (GTI 2002)

o [ BE R RS B T TN, AR T SR A, X PR T BE R AT S A 30%,
HUARARRBIEA 4.3 £70/MMBtu 1F5, BIKHAT 7 £ 14 4~ H (EEBPP 1998a).
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ZEARBIRG . AETFACHER, X HRPH KEEE T RS R R TH
T B FE AN T IS AT IR B R B LT, X e R ar DL R B A7 T AR R B
W R, DUREE RN SRt , X A T 45 4k B8 22 1) 305 1 15 B8 vy I R D 30
. 1996 I BOC 55 Owens Corning AR fEAMEZIHHL T, ¥ — G2t it 1T
M (LeBlanc et al. 2002), 7£ 4 ™~ H KSR AL, iZHLA% B0 77 RS BH B 2 L AR SR ML
A mE i@ 50%, EEMNWHIREE AR, BENERERZ R, B IL
HOBE R GLA > 1 o i ROX B2 R R R LA E e, AR A T B AR
BRI B . AR T AT I, 2 25 RAR I AL

5.8.2. &

WAEN . AL AR LU A 2 10% , (HEER 77 RE Ry 150 Wi(EC-IRC
2000) . i JE 4P 4R BRSO FE LL B A P 2> 20% (Pieper 1994) o i T T E 4R VE L Y
Vetropack Straza KIS A], JF— GG BN R ImIGN 5, BERA T FANES
PIEOY 150 M, AERELIAR Y 60 U7 K (Stieglitz 2000). 5 HRFHUA 102 IH A EAT 421
ez, ZA R PUERIE — WG, UG REISORA 1 4, XA U EE,
[F) B REHR = 3N LT B B BV ) S ey B S dE P O TS RETRE N 25% % 30%, LA
FET35y 4000 FEEH/AFTYEE. BE, HTATFEIRAZPEXES, #6HEW AL,
[ ) B B I Bt B 2 B A

JE[E 241 Lax & Shaw 2] A7 F A TR0 1) B KA B . 1996 4RI, 1% AR
JE A s e o A, P S A B m R R — AN P BRORE LTI B R
FORTAE PAZE . M S R 7 BR AR ER  (R A BRI (e 5
AbER . IBCHE I AR FE IDVR (CADDET 2000). %23 ) K Bl R BEFERLIC, PR A0 & .
AT EEMIE S SEE, BTG, HEESAM S TR 6.6 3£I6(1997
ERIEICTE), BT, GRS 12.2%, HEERARD 33%. Beaiiis A2
305,000 £ 70(1997 “FME I TAE), FUWHIZI-EAH . BA 1A B EE 5 A BE i T
[~ ECHA TR 16 I H S

EFIP . BIHAPRAR S BIZ IR — NP EWE, FEWA AR, FRIEREG
1% (checker). AR EAL, RANWB A —EHH, PRATE S AT N,
BrE SRR BT 2 . RS 20 43R, RIRDT e R — IR, IXFERGACE REXS BT
(VRS AT I A 90% I BRI #R /& 75 [l v BUEAT 184k, 7ERIE, 42% )%
#JE T H 1 (U.S. DOE 2002a). [EIFNHPAE: MIEH Sumlal . RE G —kk
Ui, BERCELR, BEESAVECNE UL (Beerkens et al. 2004).
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Z G B AP AERISOR ST, BER R, RERSPRIRAEVRTRIE 15%. XM A
TE RGBT IS 2B A 0T R, RO G 75 B ) A 46 2 AASE 9 B O (R 75 22 B 22 T F4uai% )
(EC-JRC 2000).

XF Bl AP AT SO A PR — IR R E kR e — iR SR B, KR Rl A
A — =R E N — IR RS IR A, et k0 85:15 tl, wlygd 30%
() BB Y TBCE (Flamme et al. 2001).

BB R AR . A (I B G A R PR B N, AN RS T [ AR (1 A
R, DA A B eR . R T [l P RT3 s U (TR, IR R LRI ) T R
FERAF . BEERNFS T R, KT B ES OR I A e, w] RE 2 LUt 25 P )
W FC 4 RoRAT L

SORG~ Flex Melter (HB/NRMHHREAT). XFMAZLEM T8Ik, Mz
1T, BARERH TEEZETMIT. RIE SORG AH], XA 8 bR /N [ 1
%5 K45 1 (SORG 2002).

5.8.3. 28 RBIEE

BRER . TR A A RS HE I R R, S TIR S

PA— ML AT IN AT A (Mattocks 1998) . AR T8l = # [mI i R G0 i) 4 EMR I 27
& s S RE s i . &S E IR ARG NI AT, Brbloa] 6 R A
R S it Wb AE BT UG RBONE ), T RER ZLUAL SR R &
GiElmt 15%. AR IRGUEIEHIRGE LR RCR ML, AT AcbA R B 45105

JERPREE,

BRI S B(OEAS) TR o AR J iR TLIX PO 1A 55 S B DA R0 ve O R PE PR 24 2
PE, AT AR R ARG, IR INARIE BRI IAE . X HOR B LR A
PIHERCR G 40%2 70%. TWRERCARVIRE, (HRONEANMDHEBCE R D, AL
SPTHR R B> . EEA R T CRIh i E Rk A B R, Hbb
KL M smtal, Ho = B

EERRBIE . LB, # ORI IR EOR . 2Rk
150 ZX ARSI HI) LR A UABE B (Damsell et al. 1996), 7ESHE, NI4T E&i
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30% [ 3 78 445 2 % FH A B BRI R (U.S. DOE 2002a). 4R 3 ¥ b 2 FH 4> S BR B ik 65 2
FILLE R, X2l TRXEATEHIELZRE, NMSHEINE SRR, Skl
15 FH 4 S8R e B 38 28 1) B B £ 151 (GMIIC 1999) 6

B E AP B I 2 v SC I R &, RN G AR E . RO R
W —EAHTRMIR . & MBI SR AN . TREEEN T 20%
2 45% 2 [H)(45% 2 K4 BE A E IS 25 IR 11 45 2R ) (Sauer and Lauwers 1994). 5 &
K RER I Bl g, FiREE AL Ak 5% % 20% (Sauer and Lauwers 1994; EC-JRC
2000).

THEEM K/MUERHEATHMER. BMUE RSN RERUR = (FEFEE N 0.84-1.36
MMBtu/if), (HZFHERBT) o BUBE/NR T, 248 B 248 R B (VSA) B AR (B
H & 20 W2 90 M) =A% R Bt (PSA)HOAR (B H = A2 20 W) FL A48 IR P R
REFER AT 2.08 B T JERBRAL/IE; A% IR HEOR ) REFEE AL T 2.6 MMBtu/Ii
(Rue et al. 2006) .

MR TR RGE, AP P 7 T B R AL L 70% % 90%, [A]
IR 25% 4 80% Kk HF i (Lauwers and Stohberg 1994; GTI 2002). #4kT =, JF
SHTRERIRIRZI N 80%; Ak, EAIKFEAIENI T (Damsell et al. 1996). 4Rk
T 2 PO HE B 1 UK, B AT CAESE IR /T 20% % 70%(Sauer and Lauwers
1994).

AERBEHE AR B RUE BRIk e B PR AR L A IR TR, BN SR R RO AR
PI BN % = (Ebeling and Bobbit 2000). £ HIHR SRR, HCRA XTI
ARG, FPRFRE T 15%E 20%, XA HARA BRI L) JCHEZ (Anon. 1998b).
X TS A B 0 T R R 457 B G DI L 7 A FH) 4 i 4 L (BRS80S H 4
Iy AT E AR, PABCRE [ e B A SRR B I R R RT A 2 H I A i) R
(Argent and Dickinson 1995). i KA RIFES I AT BE S R2M 7= i B, Mo == KRR IR
W 2 W) A0 HY B0 A i) B, R A RN R G A b0 DR b T R S A B e e
(SenterNovem 2005b).

— BB A A AR B 2 A B AR B LTS 2> 20%,  ELIRIFAF /D 30%2% 40%.

AL AT AP RN RAS A T @A) 10%. 48 BRBE IR I 2 A A FEAH S i A
W #G /D (EC-JRC 2000), i AT (K (Damsell et al. 1996). AR =, WA Z HE
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K, MHREEEE ML) PSPl mIE KGRI HEBGR A K 1K
K RELS A RIIARE AR R ENVURIEEES 1 Adr, FEEER.

RN IS A AR H 7 & 90 MELA BRI A B, REBEONVA RN (GTI 2002). ZEARH
AT A K B N TR R B B 0 28 7, (AR LF i A b, RAM R 2.

2000 ERF, 7T Z MM A Pilkington LIF 2 & H14 4 BRME—— S F A E R e B s &
KATFHEAEBIEI) L) . 1996 4F, FEE S — 5K DL EUR IS BB P SR A 1) 2B 7 A B
FEWI T, & Heye Glas A #IfT Obernkirchen HJT.J (Portner 1999). REFEET-N
3.35 JKAE/ A T(3.1-3.2 MMBtu/it), il BRCAS 2 LU AT P12 4T AT AT — a4 G000 2 R AFIK

A7 T4 [ FE 38 Y Glashitte Gerresheim GmbH A& % [ A P EIL I8 . 1997 4EIT,
ZA A TSR AE Y, B84 AT TR RC AR5 18 3 35 11 A SR e 3 35 5 (Lubitz 1999).
B TR AR b as AT, AT REREN 3.02 JREE/ A THIE(ZY 2.9 H ik
A/, ETFNAEFH TR RER, SRR AR ENERE, EEsIaE
[RIBEFER (5028 THH/A T, Bi 4.8 MMBtu/ill), /b7 35%. ZAMAIHEE K IE
A 180 2w/ LK. AEHEDRIREHAE/DIY)EE, BT MRS EL, B
BEHRETFZ.

AL TH8E Mainz 7% Schott T.J, 4 EIFI RN EMRBBIE A 5, KIMTTREEM

2, ST ARG ORI OREE, fE e fuer(1.65t/ m>d)Lh k., TREREE T

5 35%. P RENEEE 1T 20%(Anon. 1997). BEAN, EERIARE A B I NGE .
RENYIHR R IR T o RITFEE S B ISR A, (R BEL NS SEANE

SERXA], T B AKX TR AR B S, LA 3 7 T P i) . BT DR X4 SR R 3

WA T EDAIAES, LU 25 AT 236 AE 5 P S 25 B E I A, RIS 3G 25%
1177 HE (Anon. 1997),

—FAETRMBEEN T, B ERN S ERREIEE G, AT 40%1 Ak H &
(Damsell et al. 1996). & TARILGAT BAFEAC T, WOk 5 ECEE A I HE R t s> — 2
Ao S—OuX ft R R, RS EBE B 5, R B HE8CE B 1R = (B
PP (—IRTRE IR A[ W EEZE N 85:15)(Flamme et al. 2001).

PTG 4ER JE WM Fenton Art Glass A ], NFEETF T&E OB R AHIER, &I
LT Wde 7 —a Ly e A7 28, H TR AR be i 3 25 B 75 1
%.( (Ebeling and Bobbit 2000). % T.J M 1976 gl T U141 SR eIk 4%, (Hiik
A GO TR MM 7B R AT AGA Gas AR EME, RA AL =8 RN H
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FIT AR ZRGCKRH BT EW R, & H A4 26 Wiff%(Ebeling and Bobbit
2000; Joshi et al. 1996). % FR G HE 9 M 200,000 7T, FWHHRA 14, Tigez
Ab, %A TR IR B R O, RN 11 B, A 0.53 T, IRk
N 79%. MEE b T MERIEAERE . D 2RMAEREREAEL . LR ERNEE.
Praxair A AW RHETREWRMEAR, TR T 2R RS. ZAF 1992 5
T NT K Gallo Glass AH&1E, 7E Gallo Glass A& 47T 0 Modesto T L), &
DI R TR . A HRCE > T 85%. kLRI /b 25%. 7 REMRJE
N 25%(OIT 1999a). MJ5, Gallo Glass H4 Jr IR IR 4 B #e il 4 SR e i a5 . SR 1B L
il ) R A T X T AR (Joshi et al. 1996; Schatz 1996)

BA R HRGEThRE, FEHE DO E N B AT T & SRR T, S T &
(Browning and Nabors 1997). MiAZ5 R EIR: PAARIK 2200 FEXT AT, TiREmE
S R MR A E m Y 15%. A4h, FEANMHE BT £ .

EFMBBFERIREWTHERE . 1R 2 2 E GBI 2 F AR U2 (K B EA BT
UARAN IR, S RBE 2 1 BERICKS AN Ui )¢ 7 151 (Beerkens et al. 2004), [ADYAE 44,
AR, A, BRI HE R, AR R RAT B R . A R R
PRB TR AAE I3 T 3l 7T [ WA FAVRE

A7 F-4af 2% Moerdijk T )L HEIR T /A 5] Heye Glas, 1EH 7 HE 300 M) 4= R Be 7 b 2e
T—ERG, WRSUHSAGERAE R ZER . Bt EAH TA SRR, 25
B2 T AR VLIRS s XL, #iliE T s <. B R AL 2
AR Z85,  BUR R T S TR AR B3, Z R4 T 2000 58 T MRIEZ ARG IR,
A NFRUWERT Rt AT B Ak, J7iR TR 2 GREC L IR 19 35 35 1 Pl PRl
MAER 194 EHEEE 230 Z(SenterNovem 2005a). LA RIRSAMNAEEE MMBtu A 4.1 T
THE, RGMALR T R BN 3.5 4 (SenterNovem 2005a),, JiA RS HI RIS A 6.2
o

%[5 Horn Glasanlagen A& | —@CH G AL, KRR E S RN &A8
—f&, BI{BFR] Combined Oxyfired System® (CO System®). 1A & FHRIGIT A FRK T
(BONE AR FT R E D), R BT 2R S8, I IUE ) 5o A2 1.
2SI T HRE R S 2R s L.

EERBI- BREREY . Hilw Lasiibes, KIamRMEmI, HEK
faim . —EHIRAEE, RAAYHEREN g . RER ¥ (Gas
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Technology Institute)5 Eclipse Combustion A F], .5 Owens Corning /&) (B IS 414 1
7, 2002 4E) K& PPG A ] (FIABEES 1), 2003 4F) &, X — 58 K M 7L FE SR B itk AT
M (Wishnick et al. 2003). XHRBEI & FUACARE B0 IRR R, DLP= AR, 25 B
BU R e IX e Ay, miRe A m s fE I K G . KIGIRFE AR, AT B A A T
B, MIMIEK MRz ()43 F % i (Smirnov and Allen 2005), FfHE%5 4% AR . %I
BT 2004 FFEH, ZEIARIP A THR DU REAE T E IS

EEMRBEFFEE- RIPEEAR . —SeH MR s — B H IR R, &t
SYERE, TEmEN SRR, Praxair 5 Heye Glass A a] L& 1 — @ABFR” & T
&7, IR Praxair JL AR R RS AT, FRUESE H BUEE R T R TR AN
WA, RMEREZ O T 9 FEI {717 (Kobayashi et al. 2005). ## 7 (1) #
ZFarflivh 10 FFEL 11 4. SF RS E O alis R 7 5 5 EREH Gy, B s
26 R REVR R P 5 A% Gt ) A SR e 2 A bA o A8 P s TP 208 1 38 K A BB (5 60% R 33
1), HARIETREEA 3.3 MMBtu/M,

5.8.4. WP IE A A & Pk

PR B S I IR . WIS S i A AR ] R TE SR B AR T T
B RS A AR [FIUS(GPI 2002) . A= I HE B B IR (AR 3 B FH AT o e AR 10% %
90% LA . HAETEE] B4R, BRI AES 52 AR 30%Ruth
and Dell’Anno 1997), BRHA) R~ EGESL IS, MIIEIIHE Y 60%, LA N
95%, fH[E N 90%, FL[E N 34%, i 27%(Glass Gazette 2003). 32 [EfF H#EILIEH
e 2 i Mm A, RGBSR ISR 37.4%, A&Fd—ANEE(GPI 1996). & [E IR
REA Z RS B, £ 2003 4, ST AR FEY) I R s, L E
22%(U.S. EPA 2004), AHECTHAMES, XEFEIMRAK. BRI EISORGESR S L E Ny
60%/C 41(2003 4F), ISR NEit, 15 96%, il A 92%, fE[E N 88%, +HIH W
ISR AR, RA 22%.

BT [T R 3, A B A—80 Jerys Yt 5 4% 5 7 T in) 78, 5 il it
PRI R . AERRIN, SR (B AR P SR B TR, AR R W, A&
PR IR TESIRNT, A 0% A Kl RIS, AL E WIMGERNS, U 70%H) 84 BE AR 3
(Beutinger 1995). A7 PRI, SR O-FARIIE N S /@S 20%% 40%,
117 375 B P A 38 388 ) R B8 3 B 2 Tt I (Fleischmann 1997).  H A& LA B &N K [a) 4k
PR AR A HIK ) J, (HILH BOX S H AR IR 2 B B, HL4EFRIX S8 i 138 4T B Al
Pere, WEIRIS it BN kS B85 %€ (Ruth and Dell’Anno 1997). 3 FH [RIUAC 1T 4 88 B8 FES IS
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W ZBELRET 52 BB 1 JERE, SR A B . B T RIX e b FL At o R U T Y R, AT
BCEAHE . e S L EEH RS

NAZ LR DR 2 RS YRR . B E AR — B R T — 25504 -1 AS 5 1651k,
H 4 & 55 40 ] e 2 A5 D8 39 3o 18RS 350 () ik K A4 KL (Gebhardt 1997). A LA KL & i /D H
RN RIS . TR & Mgt iR E, (Beutinger 1995; Enneking 1994). #H i, KHeme
WA B TR 2 AT IR R . ek 70 B BOR WA BT 4E 45 5 ot B (R R 38

0 A R R R RS AN R R TR, YRR AR AT, RS A R B R S AN 2
B, wE R E . AR RE, B ER. HEH, X5
T B B IS T 5 AN P A, T HKI 351 (Anon. 1984). T4 IR 38 (1) & B A3 i 109%( LA 5 &
NE), BEREER[V/D 2% %E 3.5%(Beerkens et al. 2004). 1993 4 — 44t GH T KR 5 N
s R E XA A FER IR A S RAE, S S ERGN 10%, "> 3.3%H 68
FEE (Fleischman 1997), AH4M B & BRI 1%, FHIBIE T4 T 7600 BTU [1)fE

.

seah, JEURHT R, NP ER R RERE R b, M AT i 2 RO IS AL TR
& AR S e A RS i M 8K T 2E K (Ruth and Dell’Anno 1997; GPI 2002). Owens Corning
ARG R, WIS E S 30%, S e A S Ee, 20 60%HE
A1 A0%ITIBREREN, FETTL) 10% M0 REIR LA (Papke 1993).

Pilkington A FIf. T JE[E St. Helens T IVFVEIES T, MBI ERIHEAA AL HiETE
BRER RS, DSEmmix) SRR &, XSG A% T 4T 40,300 9
BEI R AS B2 13,000 S5 1 PR AL B RSCAS (ETBPP 1999). HEARHR B A Jy 140,000 3%
B, [ 32 M H .

B et R BT ) 5 R It R D i = AR O . R R, R R R
BRI, [FI TR A e, AR A HESCR B A 1T 82D (Enneking 1994).

TREC AR SRR IR T o 1 5 0 Tl A 88 2 A1 FH A 26 () 4R R I BN (R R B8 B T 5
RZ AR AR GBI, QS R A . B U T2 o I 1 B 2
SHEBEEMMAIZAR 400°C . JI—WGSTEEH, A—A53EnTH. (A
AL — P R AR A A e gd . WEDGFRE I A e g8, IREATIEZ) 300°C.
Edmeston AFIFR T —EH ARG, XRERGEA THrHELR S HETAE, BiE
7 IR B T I /R Tl 3 400°C
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TR C 5 R L AR B B O DRI, DR DR BN I O 5 B 2 S 7 el ot R S A A 1)

TR TR TR AR P2 AR T RE AL T T 12% % 20%]7](EC-JRC 2000), F IR &8 &
TRIIIRSE . McGrath (1996) K DL IS 22 /DB 35%4 Wl ik, TRES SE#H.
Enninga 55 A(1992)7E KAk 5 He &, A & O ede g IR TGS, (8 BB i b
55%, RERLIAIMIHEm 20%. ZATA HAL KR S Won, BRIy 20 5 50% H i s
%I 500°C(*E [K 930°F), TTRER AN 8% % 12%(Fleischmann 1997). HEit I, ArH &R
G LS RHA — LA BB BRI, BT e B TS o T A ER A R )
TRIER, AR B H AR (EC-JRC 2000).

ZARETRES AR D B A R, B A T ES AT [E] AT LR AR . AL
Z(HF) . EAAHCH)HEE . 228 TS E, "IREBELHERE S 10%E 15%,
H I 2 w45 FH 75 i o

H AT R G EESOR IS 78 ] B 15 B PO TS, KIS RGN (B2 2000 FF 6 &

2he), DM ERE . A7 TR EHETIIN P Leone Industries AF], fERERRIEE
23 [ A Edmeston EGB i JE a5 IR IS TIIALS . T2 [ Interprojekt H 1980 “FAX 5 1,
SUAE RG B LR P AR (Anon. 1999). fif *% ] PLM Glas Industrie Dongen BV 2w (315 4
H Remax), L I TAEFER I, (5T Py T BT S/ C A R T e BR
(NOVEM 1993). MEBHA(E Tl Has N IR R LIK 530°F, Witk —Fr]/DH] 60% ) H Bt
(5K 90 T FLHT /i) K2 8% KAR, (2K 0.3 MMBtu/i). 253t il A% 140 538 71(1996 4E 1K)
RIuMiE), BARIR 3.8 Seou/MMBtu KA 5 M/ T BT, [RONZ) 2.6 R4

A I RBURLAR 40 RO R B AT TR0, DR R BB A 38 BN IR S D0 T S A, FHAS R
B Mal. —(Himd g, TRIETE 2 BURR MRS, Bt SR RS,
FERE XA R, ] A ] 2R SR I VR (McGrath 1996).

1997 4E W, Glashiitte Gerresheim GmbH A & T A ZEiE K1) T (£ s &
Gerresheimer Glas A &) )RR A & MR )@ s, SHESRIEE, KBS RH
FRRE SR 0 AT (T DA 1 & S/ AP I B I %) (Lubitz 1999). PR TRFA R 1 42
SR PR AR 7 0 HARREAE B2 3017 T-HE/ A /T HE35(2.6 MMBtu/MiZEIE) . 72 A Fil#
B &kl RS BT I N, BERERZIN 3436 T-H5//A JTBEHE(3.0 MBtu/lil), FiREEL)
419 KH//AJ7(0.36 MMBtu/M), #H34F 12%.
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A LA 7K PR (raining bed) >R Tl AVEL & kL BEBE 35 (1)) 7 (Tecogen A F]), AKX Fh 72
BHRTR R INEE AR EAE(OIT 1999b; Breault et al. 1996). f#HH/KKES, F&
B S 3ESTE A Z AT I 5L T s s e as, T A fok s iR A, ma
Bl IR IS R R E T, BE T AT Thermo-Power A K Praxair 27 1E S24
AN AT TN K PRG035 B0 TR B (1 AT e R e AT AR, IF S5 4% 7T DL TR
ENESTC AR/ REBE TS 2 4R K 1000°F (B G 500°C) LA L (OIT 1999b). fEiXidfEH, 4
B r]EYL 0.5 MMBtu FIREVR . MSEE AT RIS H T B H, TAERES R A ¢
[ 850°F (3% [ 450°C), [IIAfLIHA 1 45 4 4, TR M £ £ K 1000°F (1%
[K. 500°C), [RIWCHA AT 33— 254545 (Breault et al. 1996). K FH YK PR TRk B 1) 4 E R b 31k
BE, | RAMRITRERE A EIE 25%, (RN AEKAS A A (0T 1999b). Uh4h, H
FIERHE XS R e R s, A2 IR ZE 1 )

5.8.5. HLJP

FEL B B e T B A PR i BCECR N 2 (7w (s ) LR, T R AR
X, ARG R TR RHP B S WU (D5 H B 2 1) FH 8 REAR mT R v R AR U 2 1 —
¥ SRR LR R TR ) o (HIEEERIIRTANAR R EE T, xRt T )
KL, (8 B AT RE R B, SER R DL M B T e . R P IR A 2 A
RENYEGETFR T, Hlt TEBEEA A 2, POy S HK R LA a6
PORAF PR N, ORGP 3 BT R SR .

A8 FH S T R F 8 0 R A AN B B IR AN B, REAE N REME 780-800 T FLI &
EART RS (PR R DU =), H AT A B 2 A S PR BEFEIE ) &~ LU TR U BEFE Rt 30% %
40%, UEWIFESCERERL L, AIRKHIE T,

P s s RO AL B AR N S, B RAGAC B R AT 75 M. EEGR T
Tk, REUGRZE T RELLAL A B Sl

T B KZH BBy AR AR A0 Bk, DU FORHG A Be35eg . I i
Sandvik Glassworks J2 Ramco 24 &) Ui | — PRAC & RHH s a5, JRAE A 2 i TRl 223 1
A, FHUARRE . ZERF &, $2 6 )44 B35 11 LL #E (Thureson and Persson
1997), MR MG ARe S A= LK in, RN RS KRR BUE RIEZEAH L, 4R 5
NG IS FRCONE (3% E 4%), M EREBEN - &WMIES T 4%(Thureson and
Persson 1997). EMAMTReEIFAREE, HTRERS, EREURMED T 4%,
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LL, TRERAFEAM TN 4%, BOUX T TE M T kRiEt, b 13 #£. BA
Sandvik L] SZATHIE DI BT BORICIA AT AT, (H S i TV AT s — A b SE [
M LA B E 20% % 30% (REJRN A% Kot th [ Prmg i F 42 ). BrbL, MRS 1)
E 1, EOHAE 1 F A0, ShREILER S,

AR RO B . UE T F P R R BE R AR AR D, AP A R R E 20 A £ D
ARG A TR b, A EAT Bt A 0 R T R AR A AR A R, R
INGEACE R HEBAE R, (AR, BN BME R JERE, dnt F AR RT
Btz (Hibscher et al., 2005). A R Z M TS HOKABIEEY o ALY
Sl AR, JFRET A E . BT, ARGEAE A P LTS, ROCAE AR R
fre, vt BAREZER K,

BURRRRHIn R . 4 SRIRRL (R IR ) 5 BT RO AR Z2 R AN K, 7 il Jo R R R A K
Iid, FEINFR P, A2 R DRI — B0 A L 0 B AN AR S B 948 2 1) 8L
TNEEATE S, A AR, (Hb OB R A B, AR, A AT
K& A 47

FET AR T ZARIN Greenville RIRFIRIEES T AT, A IR 4250 FH HL i)
HL P S0 B AP A DA R ARSI & RIS S, R 2 A 12,000 MMBtu R
SRR, ENATEY) 9 JKELA I HL B . DL 2003 SERIAERM IG5, FEETTE 4 208,000
F IO BRI A, RIS EAZY 1.2 4F(U.S. DOE 2005b).

5.9. B4 K ple &L

RS MBI, BT B R V2 ROV R SR T AR,
PR AP S 2 F AR L (PEILER 5.8 AT AP A ) o A I E B A )M 5
JUH R ) B TR R B R I B R LR R A MR, XA U TR TR Y
RHG PEEA P SR RE . MFEBE L) TS, U EE BN SRR IEE, X
R I T X £ A e VA [R) X 3P P T AT 42 Bl R 1o

Universal Dynamics Technologies /A &5 Glass Consumers A & £ X Ri4, HA T —35k
. %N BrainWave ) H 1777 i F£ 4% /i1 %% (adaptive process controller)(Kay et al. 2000).
TERNRFERR, MET —RPEH RS, X8 RG] 3305 B € B 75 I (R 4 56—
¥, [FIRFIE = 3.75% 32 20% (— M PEE DR ES), 3 40% (R IE) . BEE KRB
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BRI, BRRREME RS, R, EE4E L0 hEamd, WA
BRI, FHEEFE . BSOS T 2 M A E 9 M H 2.

fif = XPAR Vision A AT R T 5—E#BH R4 . XEEHRKRRE " MEIFRT AT, e
AN i SR HEAT M, AR RIS R R MR E . XE RG] E S
BLEE HEhisH], #5577 & (Kats and Holtkamp 2004). 4=BRiE 20 Z I HED 3 T
B s T A s R4, Hd 5K 1) ((Longhorn Glass (Anheuser-Busch) & X3t
L) T RE. HTAGHERETRE, WieEN L) BAREER 2%%E 3%.
fif = Dongen T[] Rexam il T.) 224 7 Hp— MRS, SR T 14 7 s%IEEE.
R R E AL T 300 3£ 0, HA 200,000 3T &2 kD 1) BRI A ST
(SenterNovem 2000)-

Lewis & Towers AR {ENL T [E Kent I BERHE MIUAL . 2e2& T PERERT )
e B ] 25 (EEBPP 1994b), XEH British Glass AT & KRR R 5%
(CGMS), EHTHTH MRS, "R I RHE 2 BN, 1% R 50T i AR
R EE, FTUUREE— B ESGER, el T . Wy Re O MR
R WA, AR DU E POk BHAREER LLEINH. 2 RMBEEHEAT L%
Fr. Lewis & Towers /A w] K ILEEETT 21— IR BEJR A #iX 2.4 TJ(2.3 GBtu), #H2 8,600
FEIC(HK 1993 FMMAETHE). (1993 ) KT A 26,000 3T (H 2R AR FL), Hlik
Wil18 M H.

PEITF AR AEG AFIHIEEABSH LEI R 1 REEIZEHI R4t HEG&EE 40 X
BCATHEAT I, e AR A AN NG, A RERR DR AT R . T R A
FHEAE L, BT DA L i REAE B e 2277 A, X057 T R B R RO B2 . X
ARG AR AR« b 5 B A IR e k. (HaRfe X S E R IR e, BEAK
Ji T SERS FREA 2 KBS, 3K 7 T A REE SRk .

BERRRETY. AT R R A BRI B LR E . PP AT, E AR
R IRE . RN A S LERF — 2, AU OB, PARRTP R S RE4E iR . B
TR, BB ETUERIR, S URE NSRBI SR AR
AR EE SR AT 8L KRGS ER., R, ARG,
RERCELLZIH A S &

LT HRE ) Moss Glassverk i FER IR A 5] T 1985 &, 27—/ 4. HE1ZAF K
SN H AT AT (CADDET 1989). 1%A H) A H B FE M0 I B & i B MR T I, R
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FH T/ 6 PNV N8 23 OIS 77 AR R TR R S R AT VA 2o R S v 0 35y m Jd e 45 1) R 42
BEATRAT . R ZEFRIRRT, B HARr —FZHEAE 230 M RARA, MY
3000 JKELES . 3T RG)G, BEREH B 350 JK LI, 3 S — K REIR AT £
1078 JR LK, FTREHRFE A 64%. XINHUE LIEFFAIX AR T 495,000 8T 7
BI(AH 4 95,000 3 70). FHoAh 4% BT piA T 750,000 R E(BA 1987 -3 0 MAE T
5, M2 120,000 3£70), [EIUCIIZ) N 1.5 4

BB . Owens Corning 28 FI £ [H REI AR SCRF N, IEAEXT & SRR AT AP 1O
%, ATV Al RE AR AL AT 4RI BRFE RE 1 I A (R AR L 40% R E . S8
B AIRBEIE A (S 5.8.3 )AL, (8 U AT AR B SR E . AT,
AREREMAL, SAEBEER .

sEGRIR . AR IRIR ARG, 15 LA 5.8.1 17,

5.10. iB kK 5 G MT

B, T2 RGN MELRE G, BEI RPN ERS] FRICT Mk, PR
FE R RE T E 50 E R TS % 2. Pfaudler Balfour 2] &3 E— K &M
2 T ) 245 T Bl 75 PH BB AR AR o ot S AR B R T, %A R AT BB J2 I r s
g T A B R SE(EEBPP 1994a). XELHK KRG —F4E 55,000 FICHIH T
(B 1989 F M HTIE). 43,000 KICHIN 1 4P K YEBRIA (LA 1989 FEMAEHITE), LA
J¢ 74,000 F(—IRTERNESIR A . 154 T 2% HEE. BERGM AN 161,000
FIu(Lh 1987 FEMEIIE), BN 10 MH. BRTH LRTTLHE I KB FR MG
A, I RGHEELL Pfaudler Balfour A &) M A N2 P TR, FIs A8 §il i 1) EEAT

=

Ho

JREEE. AR GRS P SRR O N s s R KA T, A
BN AR D BRI b A, U B A AR O R R
LT o
AP 39T B R s I, RN BRI, it L) T R RER N T ik
Z—

B4 == Dongen 3MH) Remax 2% FJ S H g e — a3 (0 &5 MR (L5 5.8.3.7%9) Il 2,
HFTAE VOMGE B A R K AR R AR, SRS IR, RN R R

iV
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TR AEATRSMARKY, PELR KWW ADAT, RAAYSINEER,
Bt AR R REVRAIAE RS, 384777 i o ZEIAD RN IR K 7 2, Rl 222 X B
BT, BAERORLEE R ORI, I A R FE I I R R S

PR . 5B KR RE R A T, B X B R A A LUK R BN R E R K
A PRI R A ORIE AR 5 5.8. 09547 KT Ori A R % B — SR 1 e

FIREH, APEE BB Rl ik ol R 58, A s AR AT R, K mT R
R GE. BEERMIEMHN, "REAR TR Z AN A frag i m] s R 7R
B[z ) o

SR E S BTREG. e AR 0 T A BB, A LR R e
B, 2 50 P AR IR 5 & Ay, i % HOR T R T B 4 4 1 4
KT, AR B, IR R,

Viox A v TN PEREEI I T, LI 1A~ Bl L B e %A FIER
#3 Bonneville HL )& B 5 ARl 05 )5 B v MOV K OKRE, ] U350 5 BT 75 I [R] A
JRJGHT 58 /NP ZE 72 /NI, 4E%E % 11 /NISH(CADDET 2000b). £F4E5RE 179,200 T FLIT
WHREZ AMO HAB 2 A FE: BETE 14,637 FEICHIBITYEY A . ZIH AN
43,630 &0, HREMANETILET 5 324y, [FISOHAR] 2 4

RPN . A PO R Z P DR R B R R s, SRR K. R
KBRS AT 2 B B0, B AT 22 th B % 2 (I RE . 2 MR R SRl fE T |
NS BRI AR R

TR AT SR AT AL IO B R G o BB I I 4 Ak 2 KA B HIR T, Ja 7
TRBEAZEM . 1995 4, {7 T4E[E Lauenférde M Interpane AT % | —H 4L
HE 300 /3T K(2 3200 J5-F 05 S RO M s s B e #, AR S B4R BT A
fHTH(E 1500 J33Eo0/E A (Anon. 1995). (BIRATTIFEA ¢ T I W I 2 4 55 Al foltipe % i
ARG RERGRBLIE B .
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5.11. FMFTA

HARARREAAE M & B AT & il F BRI L S5 HA, 2 BN & IT &
HIEHTBAR B M FARIBZ . BATEAEART TR LR M AR . AR B HH A I
BRI T5 BT A TR IR, BB NE ARG E RN T /&, 5SS b A (n
GMIC 2004).

G EERRBHRABREIAR . IRG HEAEHAREHOR RA T HOR,  H Al Ik i 38 E R R AR 7
Z2(GTI) WX o ZFAE AR N R EATIRG ,  anb AT e Kb = A SV (1)
B IREHX R FTRARLIX, A IR K G IR e e g n, ol AR AL
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by K8, PPG AREITE 1980 FAH K TIRE T ZHMUBEIA, HFoANTT D&K
Mo RIS A, &5 R8RS 4.0 MMBtu/IHi(GMIC 2004). A 1§D
37 L= gl ®EA, Z L) EREIREE, JEEE R r ArRA, &
A LR s R GIs B RS 2

N T PR S IR I RE R, & A HE 25 B R B AN G 2 1 R AR SRR
E (A 2210 TNO S 21 Alfred K 27).

HIREN . AR Z A a # KT R BRI RS (W0 British Glass, Johns
Mansville &2 PPG Z£/A 7], HZEE PPG Industries 27 BS54 (5 F] 515 4,545,798),

H AAE 5 [ BEAT WF A OGRS, T AEARE R IS 18] AR BRI A . IR 2

80



MR, KZREKHSH. DNIBEA =335 . Tetronics / Johns Manville A & &
T BRI L A DU AL B3, T British Glass 2 7] U# A = JE I I . A
B EIAAT S, X ERGRE WA, BT EEGRIESMSCRE, BRA AN
WA T E AT RN T AHX TR R/ 20 WL BRI T, XIECARIEA AT
(EC-JRC 2000).

RENTL . 2522 Tamglass A AR IIHTER HSC™ERE R AINAAZE , B T8 45 2
M T —Fhm 240, @ik it kRGeS 2 (it 50%0L ), T
IR, RAEHRE, bR EWE. ok, Tamglass 2w FFRF= &80
Bk 40%- REVR A FRAR . L 20 FE AR 8 FE 2 i (Tamglass 2003) .

g TR AR O 5 B A TR) o R I SRR e o o 1) B0 S T SR P 1 45 R
[ AT G BRI E, (5 RN R AN, KREHERE 10%0) L2dE. wmE
RENE X BN (R 4%, RRESEITTRE . H FIA 22 3BT e 78 4 o 3 3 452 B LE P oA A ]
U AGA ZRIVIBLA Ui as. X XIEA TN SPEED T.ZFE & Pilkington 1575, Aidixik
FEARI AR FDIAL o

RERGIEA . RBIRBIEUBAR BRI RART 1960 0. FHPRRL. S5 R
BATIR A, ZBORT] DR s A 3 . AT IR ORI IN, IRRHE BRI INAE 4
WHIEC &R R IE A B T J5 o Rl as BT BRI 28 R Al n] 38 my e el Hofg
EIEA D A R LS e s RER SR AT LA R 2 R R X 45 R G DR A 0 Bt
17, WA RIE A 1 B AE S Y IRIEF[R] (Rue 2004). ARA T B e A SR be BB 7
RPN REITTREETUSTE 5%E 7.5% [0, SLERTEHLEBUR T 15 A 0 I BE K B34
fE, BEATFIH .

RPN AER I RIR T Senil JUsRBETH B el A 55 RS i i 2% S SO0 ot B A
M R JE A ™ H IR AR R R LR BTG AN S SRHLANVE & A2 A ik
et H) A TAR R BLERAE A 5« 7 AR IR RIS SR ot ok B2 AN TR I Th) (7] I e Ok
WEACHIIE 1) IR BE IS O N 2 ais T . EAREBETIME . &R
A ERRBNIE L . 75k, EEABUN AR ek LR B AR BERH AT
SRR AR LR A, WA UIANE). HiTCA La® LR 75 My MR R5AE S
RE(CE)V AR E(=8)E M. HASREAT - FER X XA M — P .

H 2006 SR KT, AERA BRI — X ), XX ERGHAT
A

81



SHFBIEE . B A A BAR BT 1980 AT R FEM . ML A FIARFRED,
H AT DATAEC &k, DR AT b BRVR I RER 5 B A AR . S i BRI A R G0 B A
Ik 3 T 2 Rk B B B T e B A B (GMIC 2004). A3, ek BRI 25 R4k A2k
A ) P MV ARAT

BERREI . PIEA S TR HNZREAZ, B4 Al A< ™ 1S
DL PR, R AT DA B A SURAE I o A IR AR, A AR B AR FART DL SR T A
P ¥ 7 B BR 2 <. Korobitsyn (2002) % X4 2 #0285 (AR BN, SE R M2
AURTEFA B S ST AL, KIS RS 2 AR e E. PR
flitt v 10%, [EIOATG S 3 F 2 4 FIRYEE =R %41 . BARCH NI
FEARFEH RVEIH ,  H AT AT M W AR AT MR o

EICBIRAT 4. W BORL 4T 5, I S ) 3 R 35 o SR AR v
NIRFEMRIIT & B2, A 4ERA R T, QF S LW, 5 E GO
YRR, — PR IR BRI ZI7E 260000 WA AT, AIIRAE H K T Ae R0 LR 3
UG, KEBOEAT AT 700 J33 70 LA B B S PR A B AR (ANL
2003). Argonne [EZ LG EMRIMEAGEIIFE, TR T —BIORA AR T 20E, &
IR T8 2 4, E9 S ATER N FEN, XTI M AR

P R B BREAT VIR BB RS R IR0 TR ARAE R B A N EERL, T T AR 3t
BEHE e E  EEE JE AL TR . R B EEEEREZ) 0.0035 7T, MIB TSGR AR A, EE
T 100 f%(U.S. DOE 2001a). REITRARIEARAM K =R, (AT L3
KUIRIBHE, TULTE T RERA, FINRT R - NHEEHL, SHed 7
iz,

HABITNIEBIBR . BIEHE 4T 2001 45 2 H 2800 T — 3" R KBTI HIBOR 1)
BT 22(GMIC 2001). iR T 20 %R, 41H M. P. Schlienger Bt HLINY,
72 DARC & R A 2 i 5k g AT ORiR (36 B LR 5 5 3,328,149, 01/27/67). Jie KU H
(EEEF)5 1 3,510,289, 05/05/70)+ Praxair A & IEFETF K« AL T 1551 B B Hd b
Wi, PAKATBERURA T 30%Z 50% IR ki .

82



6. WES4

PO EIHAEA 2 I REIR . 2003 EIS, SEEBIEATILA DY RERTT — ~PARBIE.
SGEDIIR . RFIRIE KPR ET i — RN RA L 16 145570, FREBIET LTI
RRVRRUAS, HBFR AR RN 14% Ay, kREIE B HE AR I — N E R R 42
e BE PR RO S AR AR S i P E ) — AN T B AR BRI % = BE BBl AR,
JUHE R,

I BIEAT VAL SR REVR R L DR K. — DN HISEE. BA s R s g B3
TR, AR AN S AP T S BE A S T RE MR T HR ok TR D Bk Y fE
VRS, SC VP2 B IE 2 7] DT IR SGE REIRACR s 1X 820wl th R 4 2 52 B RE
BRIV BF Ak

REBIATIVANER L], ELUE A A 7 R RERE, URIRZ . AR
e SR ZE M T4, TERE. RGEMBNHIBA KRERHE AT A . &
10 MR 11 251t ] B B2 5 3d B E T Z Bkt . AR ol st
o2 Ja [l B SR T, ASSR R th BRI 1 2 J0URE 2 it ) T 1Y e B S A < e IR
A BEAL, BB B SIRA NSRS E S, REGIE, AEr ek

BIRARBERAE R A G 25 T AE A i, A7 B2 bt i) U RE B A X BRI REAR D,
AL PAT R R RTTRERCR, TR a M. Ak, KER O M RER A I, $BE IRl
WA I 5 Lk . #0000 ) 5 P i S it I 28 REAE IR EE 7 ANl Fpsend
REERERAETEREAT VAL, XFE— DR AR B T LA TR, 2 Bhat.

-

N

/

X T A RERE A A R TR AE R i, 3 5K IR gl 3 i T i R PR 8 5 Al
LU X st e A iE Tz, it — DR Te,  DAVPAG IS4 it A 75 i S AT AT

83



Bt
AR T AR 3 E B IR ER, RAGE E IR SUE R SAE AR, BT %E s
VR BIH P —3 4y, &I64%%5 N No. DE-AC02-05CH11231,

PIAT I AN Z A N, RS AR TR I TR B, Rt TIRZ =R
o AEE U ZR B LLUR LA N = (R 38 S B HE ),  AEFRAT9n 5 A RE Rk TR
RS, R T2 AR LS Marshall Bullard (Visteon /2 F]). Austin H.
Bonnett (35 [E M H ¥ TFEIT P2 7T 51). Rolf Butters (3% [E BEUREHL). Elizabeth
Dutrow (3 E I frE). Gary Groner (Johns Manville 4 ). Aaron Huber (Johns Manville
NH]). Patrick Jackson (BETAT]). Ted Jones (EFRAERLIIS). Jim Lammie (Visteon 24
7]). Elliot Levine (E[HEGEVREE). llene Mason ([EPREERITIZ:).  John Malinowski (Baldor
Electric A7)+ Aimee McKane (571 A 5 F [ XX SL5G %) Linda Raynes (H S & 4E 1%
#34%). John Toms (GAF Materials /A 7]). Carsten Weinhold (Schott Jt3543/A7]). Jeff
White (Visteon ‘A 7])5 Gary Zaborowski (GAF Materials 23 &)

TEZ X AT B A %, A8 M3, ARIER MM A, A RIREREE TR
. RERIRE, BECEBUM WA

84



7. 2% R

AlChalabi, R., C. Schatz, L. Yap and R. Marshall (1995). Comparing Flat Flame Burners with Traditional
Oxygen Ones. Glass Industry, August: 13-17.

Alesson, T. (1995). All Steam Traps are not Equal. Hydrocarbon Processing. Gulf Publishing Co.,
Houston, TX.

Anonymous (1984). Energy Use and Energy Efficiency in UK Manufacturing Industry up to the Year
2000, Chapter 2.5, “The Glass Industry”. Vol 2. Her Majesty’s Stationery Office, London, October

1984.

Anonymous (1995). Zweite Magentronanalage bei Interpane in Betrieb. Glastechnische Berichte 11
68 p.164.

Anonymous (1997). Sauerstoffgenerator und neue Schmelzwanne bei Schott in Betrieb.
Glastechnische Berichte 2 70 p.18.

Anonymous (1998a). On-site Power Generation — an Efficient Investment. Glass Industry, September:
34-35,

Anonymous (1998b). Trends in Oxy — fuel Furnace Design. Glass Industry, May: 18, 23, 26.

Anonymous (1999). Conference Addressing Manufacturing Problems, Glass Industry, December: 15-
16, 21-23.

Anonymous (2005). Combustion Under Control. Glass April 2005, p.82.

Argent, R. D. and G. Dickinson (1995). Installation of Oxy — fuel and Regenerative Ceramic Burner
Firing and its Relationship to NO,/melting Costs. Glass Technology, 36 (5): 142-146.

Audin, L. (1996). Natural Gas Engine-Driven Air Compressors, New Money-Saving Option Requires
Careful Analysis. E-Source Tech Update. July.

Babcock, E., A. Elaahi, and H.E. Lowitt (1998). The U.S. Glass Industry: An Energy Perspective.
Prepared by Energetics, Inc., for the United States Department of Energy. DOE/RL/01830-T60.

Backhausen, J. (2000). Energy — Saving and Emission — Reduction Combustion Technologies for Glass
Melting. Available at http://www.combustiontec.com/techart/jorgweb.htg/jorgweb.htm, July 2000.

Backx, T., J. Ludlage, A. Koenraads (2000). Application of Model Predictive Control for Quality Control
of Glass Melting Processes. IPCOS Technology, the Netherlands. Available at:

http://www.esat.kuleuven.ac.be/~HK05/les4/icg2000.pdf.

85


http://www.combustiontec.com/techart/jorgweb.htg/jorgweb.htm
http://www.esat.kuleuven.ac.be/~HK05/les4/icg2000.pdf

Baen, P. R. and R. E. Barth (1994). Insulate Heat Tracing Systems Correctly. Chemical Engineering
Progress. September: 41-46.

Barnish, T. J., M. R. Muller, and D. J. Kasten (1997). Motor Maintenance: A Survey of Techniques and
Results. Proceedings of the 1997 ACEEE Summer Study on Energy Efficiency in Industry. American

Council for an Energy-Efficient Economy, Washington, D.C.

Beerkens, R.G.C., H.A.C. van Limpt and G. Jacobs (2004). Energy Efficiency Benchmarking of Glass
Furnaces. Glass Science & Technology 2 44 pp.47-57.

Beutinger, M. (1995). Einsatz von Recyclingglas in der Hohlglasschmelze. Glastechnische Berichte 4
68 pp.51-58.

Birle, A. (2005). DeNOx Oil and Gas Burners. Glass April 2005, p.81.

Bloss, D., R. Bockwinkel and N. Rivers (1997). Capturing Energy Savings with Steam Traps. Proc.
ACEEE Summer Study on Energy Efficiency in Industry, American Council for Energy Efficient
Economy, Washington DC.

Bristol Park Industries (2002). URL: http://www.wattman.com/.

Brown, G. (1995). Cleanfire™ Low NO, Burner. Glastech. Ber./ Glass Sci. Technol. 68 (2): 80.

Browning, R and J. Nabors (1997). Test Focuses on Improving Oxy — fuel Glass Melter Efficiency.
Glass Industry, April: 32-38.

Caffal, C. (1995). Energy Management in Industry. Centre for the Analysis and Dissemination of
Demonstrated Energy Technologies (CADDET), The Netherlands. Analyses series 17, December.

Canadian Industry Program for Energy Conservation (CIPEC) (2001a). Boilers and Heaters, Improving
Energy Efficiency. Natural Resources Canada, Office of Energy Efficiency. August.

Canadian Industry Program for Energy Conservation (CIPEC) (2001b). Energy Efficiency Opportunity
Guide in the Lime Industry—Canadian Lime Institute. Natural Resources Canada, Office of Energy

Efficiency.

Carty, W.M., U. Kim and C.W. Sinton (2004). Selective Batching for Improved Commercial Glass
Melting. Ceramic Bulletin October 2004, pp. 28-32.

Carvalho, M.G., N. Speranskaia and M. Nogueira (1999). Expert System for Energy Efficiency and
Pollution Abatement in Industry (Final Report). Instituto Superior Tecnico, Lisbon, Portugal.

86


http://www.wattman.com/

Cassidy, V.M. (2000). Glass Container Maker gets Smart with Control Technology. A-B Journal 17
(March 2000).

Castellow, C., C. E. Bonnyman, H. G. Peach, J. C. Ghislain, P. A. Noel, M. A. Kurtz, J. Malinowski, and
M. Kushler (1997). Energy Efficiency in Automotive and Steel Plants. Proceedings of the 1997 ECEEE
Summer Study, Stockholm, Sweden.

Cattaneo, J.J. (2001). The U.S. Glass Container Industry. International Glass Review, Issue 3, 2001,
pp.9-14.

Cayless, M. A. and A. M. Marsden (Eds.) (1983). Lamps and Lighting. Edward Arnold, London.

Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET) (1989).
Electric Forehearth with Indirect Cooling (EFIC) Saves Energy. Case study 2C.E06.002.89.NO.

Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET) (1994).
High Efficiency Motors for Fans and Pumps. Case study UK94.502/2B.FO5.

Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET) (1997).
Saving Energy with Efficient Compressed Air Systems. Maxi Brochure 06.

Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET) (1998).
Variable Speed Drive for an Air Compressor Reduces Electricity Consumption. Case Study DK-1998-
507.

Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET) (2000a).
New Glass Furnace with Energy Efficiency Features and Improved Insulation. Case Study

UK00.505/2C.FO06.

Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET) (2000b).
Product Drying System in a Specialty Glass Manufacturing Plant. Project number US-00-518.

Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET) (2001).
Saving Energy with Daylighting Systems. Maxi Brochure 14.

Centre for the Analysis and Dissemination of Demonstrated Energy Technologies (CADDET) (2003).
AC Inverter Drives on Fan Motors Improve Energy Efficiency by over 50%. Case Study UK-2002-022.

Chmelar, J. and R. Bodi, and E. Muysenberg (2000). Supervisory Advanced Control of Glass Melters
and Forehearths by the GS Expert System. Glastech. Ber. Glass Sci. Technol., 73 (9): 276-84.

CIPCO Energy Library (CEL) (2002). “Motors and Drivers - Rewinding motors”, APOGEE Interactive,
Inc http://cipco.apogee.net/mnd/merrovr.asp

87


http://cipco.apogee.net/mnd/merrovr.asp

Clark-Monks, C. (2001). Glass Melting Furnaces — Today. International Glass Review. Issue 1, 2001
pp.61-64.

Compressed Air Challenge (CAC) (2002). Guidelines for Selecting a Compressed Air System Service
Provider and Levels of Analysis of Compressed Air Systems.
http://www.compressedairchallenge.org.

Consortium for Energy Efficiency (CEE) (2007). Energy-Efficiency Incentive Programs: Premium-
Efficiency Motor & Adjustable Speed Drives in the U.S. and Canada. Boston, Massachusetts. May.

Copper Development Association (CDA) (2000). Cummins Engine Company saves $200,000 per Year
with Energy-Efficient Motors. Case Study A6046, New York, NY.

Copper Development Association (CDA) (2001). High-Efficiency Copper-Wound Motors Mean Energy
and Dollar Savings. New York, New York.

Copper Development Association (CDA) (2003). Energy Efficiency Case Study: Brass Mill Cuts Costs
with NEMA Premium” Motors.
http://www.copper.org/applications/electrical/energy/Brass_Mill_Cuts_Cost_A6089.html

D’Antonio, M., N. Hildt, Y. Patil, S. Moray, and T. Shields (2003). Energy Efficiency Opportunities in
the Glass Manufacturing Industry. Proceedings of the ACEEE Summer Study on Energy Efficiency in
Industry, Rye Brook, New York.

Dalbey, R. and R. Purser (1996). Color Modification of Post-Consumer Cullet. Clean Washington
Center, Seattle, WA.

Damsell, M. J., M. L. Joshi, J. R. Latter and D. B. Wishnick (1996). 100% Oxy-fuel Firing: the Real Story.
Glass Technology, 37 (4): 114-17.

De Almeida, A., F.J.T.E. Ferreira, P. Fonseca, B. Chretien, P. Souet, H. Falkner, J. Reichert, C.T.
Peterson and D. Both (2002). VSDs for Electric Motor Systems. Coimbra: University of Coimbra,
Portugal.

Department of Energy. (DOE) (1997). What’s New in Building Energy Efficiency — Selecting Windows
for Energy Efficiency. Office of Energy Efficiency and Renewable Energy, Building Technology

Program.

Department of Energy (DOE) (2001a). Office of Industrial Technologies, Energy Efficiency and
Renewable Energy. Best Practices Program.

88


http://www.copper.org/applications/electrical/energy/Brass_Mill_Cuts_Cost_A6089.html

Department of Energy (DOE) (2001b). Office of Industrial Technologies, Energy Efficiency and
Renewable Energy. Replace Vee Belts with Cogged or Synchronous Belt Drives.
http://www.oit.doe.gov/bestpractices/explore_library/pdfs/motor3.pdf

Ebeling, C and T. Bobbit (2000). On — site Technology Expands Oxy-fired Furnaces. Glass Industry,
October: 10, 13-15.

Efficiency Partnership (2004). Industrial Product Guide — Manufacturing and Processing Equipment:
Compressed Air Equipment. Flex Your Power, San Francisco, California.

Einstein, D., E. Worrell and M. Khrushch (2001). Steam Systems in Industry: Energy Use and Energy
Efficiency Improvement Potentials. In: 2001 American Council for an Energy Efficient Economy
Proceedings of the 2001 ACEEE Summer Study on Energy Efficiency in Industry.

Ehrig, R., J. Wiegand and E. Neubauer (1995). Five Years of Operational Experience with the SORG
LoNOx Melter. Glastech. Ber. Glass Sci. Technol., 68 (2): 73-78.

Electric Apparatus Service Association (EASA) (2003). The Effect of Repair/Rewinding on Motor
Efficiency. St. Louis, Missouri.

Electric Apparatus Service Association (EASA) (2006). ANSI/EASA Standard AR100-2006.
Recommended Practice for the Repair of Rotating Electrical Apparatus. St. Louis, Missouri.

Eley, C. and T. M. Tolen, J. R. Benya, F. Rubinstein and R. Verderber (1993). Advanced Lighting
Guidelines: 1993. Prepared for the Department of Energy (DOE), California Energy Commission (CEC)

and Electric Power Research Institute (EPRI).

Efficiency Partnership (2004). Industrial Product Guide — Manufacturing and Processing Equipment:
Compressed Air Equipment. Flex Your Power, San Francisco, California.

Energy Efficiency Best Practice Programme (EEBPP) (1994a). Furnace Scheduling Advisory System.
Good Practice Case Study 135. United Kingdom.

Energy Efficiency Best Practice Programme (EEBPP) (1994b). Improved Process Control on a Glass
Container Forming Machine. Good Practice Case Study 217. United Kingdom.

Energy Efficiency Best Practice Programme (EEBPP) (1995). Refurbishment of a Compressed Air
System. Good Practice Case Study 277. United Kingdom.

Energy Efficiency Best Practice Programme (EEBPP) (1996a). Effective Energy Efficiency through Total
Quality Management. Good Practice Case Study328. United Kingdom.

89


http://www.oit.doe.gov/bestpractices/explore_library/pdfs/motor3.pdf

Energy Efficiency Best Practice Programme (EEBPP) (1996b). Monitoring and Targeting in the Glass
Manufacturing Industries. Good Practice Guide 131. United Kingdom.

Energy Efficiency Best Practice Programme (EEBPP) (1998a). Burners and their Controls. Good
Practice Guide 252. United Kingdom.

Energy Efficiency Best Practice Programme (EEBPP) (1998b). New Glass Furnace with Energy
Efficiency Features and Improved Insulation. Good Practice Case Study 371. United Kingdom.

Energy Efficiency Best Practice Programme (EEBPP) (1999). The Performance of a Variable Speed Air
Compressor. New Practice Case Study 116. United Kingdom.

Energy Efficiency Best Practice Programme (EEBPP) (2000). Technology Benchmarking in the UK
Glass Sector. Energy Technology Support Unit, Harwell, United Kingdom.

Energy Efficiency Best Practice Programme (EEBPP) (2001). Burner Sealing Rings Save Energy and
Reduce NO, Emissions. General Information Leaflet 58. United Kingdom, March 2001.

Energy Information Administration (EIA), U.S. Department of Energy (1994). In: Manufacturing
Consumption of Energy 1991. EIA, Office of Energy Markets and End Use, Washington, DC.

Energy Information Administration (EIA), U.S. Department of Energy (1997). In: Manufacturing
Consumption of Energy 1994. EIA, Office of Energy Markets and End Use, Washington, DC.

Energy Information Administration (EIA), U.S. Department of Energy (2001). Manufacturing
Consumption of Energy 1998. EIA, Office of Energy Markets and End Use, Washington, DC

Energy Information Administration (EIA), U.S. Department of Energy (2005). Manufacturing
Consumption of Energy 2002. EIA, Office of Energy Markets and End Use, Washington, DC.

Energy Design Resources (EDR) (2000). Building Case Study — Biotech Lab and Office.

Enneking, C.Q.M. (1994). Bewertung von Altglasscherben und Konsequenzen fiir den
GlasschmelzprozeR. Glastechnische Berichte 6 67 pp.55-58.

Enninga, G., K. Dytrich and H. Barklage-Hilgerfort (1992). Practical Experience with raw Material
Preheating on Glass Melting Furnaces. Glastechnische Berichte 7 65 pp.186-191.

Environmental Technology Best Practice Program (ETBPP) (1997). Maximizing Cullet Recovery
Reduces Batch Costs. Good Practice Case Study GC97.

Environmental Technology Best Practice Program (ETBPP) (1999). Glass Manufacturer Saves Money
by Re-using Waste Batch. Good Practice Case Study NC167.

90



European Commission — Joint Research Centre (EC-JRC) (2000). Integrated Pollution Prevention and
Control Reference Document on Best Available Techniques in the Glass Manufacturing Industry”
Joint Research Centre, Seville, Spain.

Fenning, L. et al. (Eds.) 2001. Pump Life Cycle Costs: A Guide to LCC Analysis for Pumping Systems.
Hydraulic Institute/Europump/ United States Department of Energy. ISBN: 1-880952-58-0.

Flamme, M., M. Kosters and M. BoR (2001). Burner Systems for Glass Melting Furnaces with
Recuperative Air Preheating. Glastech. Ber./ Glass Sci. Technol., 74 (11/12): 307-316.

Fleischmann, B. (1994). “Ofen zur vollelektrischen Schmelze von Glas in Deutschland” Glastechnische
Berichte 12 67 pp.157-161.

Fleischmann, B. (1997). Konventionell beheizte Glasschmelz6éfen fiir die Hohl-und
Flachglasherstellung im Deutschsprachigen Raum — Teil 2: Glasqualitat und Energieverbrach”
Glastechnische Berichte 3 70 pp.27-34.

Frisk, L.-J. and B. Linder of Kanthal AB (2001). High-Temperature Resistant Heating Elements in the
Glass Industry. The American Ceramic Society Bulletin 80(11): Manufacturing Briefs (November
2001).

Fihr, B., B-H. Zippe and H. Drescher (1995). Neue Technologie beim Altglasrecycling: die
Glasvermahlung. Glastechnische Berichte 5 68 pp.63-69.

Galitsky, C., S.C. Chang, E. Worrell, and E. Masanet (2005a). Energy Efficiency Improvement and Cost
Saving Opportunities for the Pharmaceutical Industry: An ENERGY STAR Guide for Energy and Plant

Managers. Lawrence Berkeley National Laboratory, Berkeley, California. Report LBNL-57260.

Ganapathy, V. (1994). Understand Steam Generator Performance. Chemical Engineering Progress.

December.

Gebhardt, F. (1997). Feuerfeste Werkstoffe fiir den Betrieb van Glasschmelzéfen — Stand der Technik
und Ausblick. Glastechnische Berichte 7 70 pp.95-102.

Glass Gazette (2003). European Glass Recycling in 2002. Glass, Science and Technology, 77 (1): 44.
General Motors (GM) (2001). Resource Conservation/Pollution Prevention/Energy Management.
General Motors website. http://www.gm.com/company/environment or http://www.gm.com/

company/gmability/environment/env_annual_report/ehsreport/html/sec07/content03.htm

Glass Manufacturing Industry Council (GMIC) (1999). Workshop Proceedings: Oxy-Fuel Issues II:
Approaching the New Millennium, Washington, D.C. February 10, 1999.

91


http://www.gm.com/company/environment
http://www.gm.com/company/gmability/environment/env_annual_report/ehsreport/html/sec07/content03.htm
http://www.gm.com/company/gmability/environment/env_annual_report/ehsreport/html/sec07/content03.htm

Glass Manufacturing Industry Council (GMIC) (2000). Workshop Proceedings: Advances in
Combustion Technologies for Glass Processing, Pittsburgh, PA. May 2, 2000.

Glass Manufacturing Industry Council (GMIC) (2001). Workshop Proceedings: Glass Melting
Technologies of the Future, Washington, D.C. February 22, 2001.

Glass Manufacturing Industry Council (GMIC) (2002). Glass Industry Technology Roadmap.
Westerville, Ohio.

Glass Manufacturing Industry Council (GMIC) (2004). Glass Melting Technology: A Technical and
Economic Assessment. Prepared for the U.S. Department of Energy, Office of Industrial

Technologies. Contract #DE-FC36-02D14315. Westerville, Ohio.

Glass Packaging Institute (GPI) (1996). Solid Waste and Recycling Policy. Glass Packaging Institute,
Washington, D.C.

Glass Packaging Institute (GPI) (2002). Glass Packaging Institute Environmental Policy, available at
http://www.gpi.org/Envio.html (under Recycling).

Gas Technology Institute (GTI) (2002). Industry Drivers and Economics of Oxy — Gas Use in the U. S.
Glass Industry. http://griweb.gastechnology.org/pub/oldcontent/tech/ind-eu/ofglass/ofglass.html.
1-17.

Grahl, C. (2002). Saving Energy with Raw Materials. Ceramic Industry, July: 13-15.

Greenroofs.com (2001). Website: http://www.greenroofs.com/north_american_cases.htm.

Griffin, B. (2000). The Enbridge Consumers Gas “Steam Saver” Program (“as found” performance and
fuel savings projects from audits of 30 steam plants). In: Twenty-second National Industrial Energy

Technology Conference Proceedings. Houston, Texas. April 5-6: 203-213.

Harrell, Greg (2005). Energy, Environment and Resources Center. Personal written communication,
January.

Haggerty, N. Kent, T. P. Malone and Dr. J. Crouse (1998). Applying High Efficiency Transformers. IEEE
Industry Applications Magazine, November/December: 50-56.

Hibscher, C.W., D.H. Davis, P.R.H. Davies, and M.P. Davies (2005). TECO: A Designer’s Insight into All-
Electric Melting. Glass Machinery & Accessories 2/2005 pp.85-91.

Holtcamp, W. (2001). A Grass-Roofs Effort, Secret Gardens Conserve Energy and Cool the Air. Sierra
Magazine. May/June. http://www.sierraclub.org/sierra/200105/hearth.asp.

92


http://www.gpi.org/Envio.html
http://griweb.gastechnology.org/pub/oldcontent/tech/ind-eu/ofglass/ofglass.html

Honda (2001). Honda of America Manufacturing, Marysville, Ohio, Case Study.
http://solstice.crest.org/efficiency/pboosters/ohio/html/honda.html

Howe, B. and B. Scales (1995). Assessing Processes for Compressed Air Efficiency. E Source Tech
Update, E-Source, Boulder, CO.

Industrial Assessment Center (IAC) (2005). Industrial Assessment Center Database version 8.2.
http://oipea-www.rutgers.edu/database/db_f.html

Ingersoll-Rand (2001). Air Solutions Group—Compressed Air Systems Energy Reduction Basics.
http://www.air.ingersoll-rand.com/NEW/pedwards.htm June 2001.

James, P.I. (2001). The U.S. Glass Industry — Year of Moderate Growth ahead for the U.S. Glass
Industry. International Glass Review lIssue 1, 2001, p.20-23.

Jamison, K., J. Eisenhauer and J. Rash of Energetics, Inc. under guidance of M. Greenman of GMIC
and E. Levine of OIT (2002). Glass Industry Technology Roadmap. April.

Johnston, B. (1995). 5 Ways to Greener Steam. The Chemical Engineer 594 (August 17): 24-27.
Jones, Ted (1997). Steam Partnership: Improving Steam Efficiency through Marketplace
Partnerships. Proceedings of ACEEE Summer Study on Energy Efficiency in Industry, American

Council for an Energy Efficient Economy, Washington D.C.

Joshi, M. L., J. Backhausen and P. J. Mohr (1996). TV Glass Oxy — Fuel Conversion Addresses Both
Environmental and Economics Issues. Glass Industry, February: 24-25.

Jump, D. and M. Modera (1994). Energy Impacts of Attic Duct Retrofits in Sacramento Houses.
Lawrence Berkeley National Laboratory. Proceedings of ACEEE 1994 Summer Study, Washington,

D.C.

Kaeser Compressors, Inc. (1998). Compressed Air System Design Considerations. Glass Industry,
October: 32, 35-36.

Kats, H. and M. Holtkamp (2004). A New Gob Weight Control System. Glass, September 2004, p.1

Kay, J. and P. Eng and D. Matovich (2000). APC in the Glass Industry — A Path to Improved
Profitability. Glass Industry, March: 17-18, 20, 22.

Kobayashi, H., K.T. Wu, G.B. Tuson, F. Dumoulin and H.P. Kiewall (2005). Tall Crown Furnace
Technology for Oxy-Fuel Firing. Glass April 2005, p.78-79.

93


http://oipea-www.rutgers.edu/database/db_f.html
http://www.air.ingersoll-rand.com/NEW/pedwards.htm

Konopacki, S., H. Akbari, L. Gartland and L. Rainer (1998). Demonstration of Energy Savings of Cool
Roofs. Lawrence Berkeley National Laboratory Report LBNL-40673. Berkeley, CA.

Korobitsyn, M. (2002). Industrial Applications of the Air Bottoming Cycle. Energy Conversion &
Management 43 pp.1311-1322.

Kostick, D. (2000). Soda Ash. In: United States Geological Survey (USGS) Minerals Yearbook 2000:
72.1-72.5.

Lauwers E. and H. Strohberg (1994). Industrial Experience with Oxygen — fired Glass Furnaces.
Glastech. Ber./ Glass Sci. Technol. 8 67 pp.231-235.

Lawrence Berkeley National Laboratory (LBNL) and Resource Dynamics Corporation (1998).
Improving Compressed Air System Performance, a Sourcebook for Industry. Prepared for the U.S.

Department of Energy, Motor Challenge Program.

LeBlanc, J., R. Marshall, G. Prusia, T. Clayton, N. Simpson and A. Richardson (2002). A New Twist to
Oxy-Fuel. Ceramic Industry: October: 42-46.

Legeiret, T., L. Philippe, R. Tsiava and B. Marié (1997). Advanced Oxygen Burner for the Glass
Industry. Glastech. Ber./ Glass Technol., 9 70 pp.283-86.

Lighting Research Center (LRC) (2001). Lighting Futures. LEDs: From Indicators to illuminators? 3(4):
http://www.Irc.rpi.edu/Futures/LF-LEDs/index.html.

Lindig, M. and G. Wachter (2000). Oxy — fuel Conversion of a TV Glass Tank and Experience with
Noncatalytic Denitrification. Glastech. Ber. Glass Sci. Technol., 1 73 pp.1-7.

Lubitz, G. (1999). Oxy — fuel Melter with Batch and Cullet Preheater. Glastech. Ber. Glass Sci.
Technol., 172 pp.21-24.

Lutskanov, S. (1996). Thermal Insulation of Glass Furnace Crowns. Glass Technology 37 (4): 112-13.

Lutskanov, S. (2003). Saving fuel by efficient crown insulation. Glass, Science and Technology 76 (6):
318-320.

Magnadrive (2005). http://www.magnadrive.com/ (accessed June 30th, 2005)

Mattocks, G. R. (1998). Use of Synthetic Air for Combustion in Regenerative Furnaces. Glass
Technology, 39 (5): 148-156.

Martin, N., M. Ruth, and L. Price, R. N. Elliott, A. M. Shipley, and J. Thorne (2000). Emerging Energy-
Efficient Industrial Technologies. LBNL/ACEEE, Berkeley, CA.

94


http://www.lrc.rpi.edu/Futures/LF-LEDs/index.html

McGrath, J. M. (1996). Preheating Cullet while using the Cullet Bed as a Filter for Waste Gases in the
Edmeston Heat Transfer/Emission Control System. Glass Technology, 37 (5): 146-50.

Motor Decisions Matter (MDM) (2007). Motor Planning Kit. Boston, Massachusetts.
http://www.motorsmatter.org/tools/mpkv21.pdf

Nadel, S., R.N. Elliott, M. Shephard, S. Greenberg, G. Katz and A.T. de Almeida. (2002). Energy-
Efficient Motor Systems: A Handbook on Technology, Program and Policy Opportunities.
Washington, DC: American Council for an Energy-Efficient Economy.

National Electrical Manufacturers Association (NEMA) (2001). http://www.nema.org.

National Electrical Manufacturers Association (NEMA) (2002). NEMA Standards Publication No. MG-
1, Motors and Generators, Revision 3. Rosslyn, Virginia.

National Glass Budget (2001). 2001 Glass Factory Directory for North America, 89" edition.
Hempstead, New York. Available through www.glassfactorydir.com.

National Glass Budget (2004). 2004 Glass Factory Directory for North America, 92" edition.
Hempstead, New York. Available through www.glassfactorydir.com.

Netherlands Organization for Energy and the Environment (NOVEM) (1993). Mixture Preheating
Installation for a Glass Furnace. Project number NL-93-529.

Netherlands Organization for Energy and the Environment (NOVEM) (1997). An On-line Model
Controlled Drying Process in the Glass Fiber Industry. Project number NL-97-509.

Office of Industrial Technologies (OIT) (1999a). Glass Industry of the Future. February. Document
454-567/80085.

Office of Industrial Technologies (OIT) (1999b). Integrated Batch and Cullet Preheater System. OIT
Fact Sheet, Office of Industrial Technologies, Department of Energy, Washington, DC, February.

Office of Industrial Technologies (OIT) (2001). Glass — Low- NO, Burner to be Demonstrated. The OIT
Times, Office of Industrial Technologies, Department of Energy, Washington, DC, July.

Office of Industrial Technologies (OIT) (2002). Anchor Glass Container Corporation Plant-Wide

Energy Assessment saves Electricity and Expenditures (Best Practices Assessment Case Study), Office
of Industrial Technologies, Department of Energy, Washington, DC.

95


http://www.motorsmatter.org/tools/mpkv21.pdf
http://www.nema.org/
http://www.glassfactorydir.com/
http://www.glassfactorydir.com/

Office of Industrial Technologies (OIT) (2003). Mill water Pumping System Optimization Improves
Efficiency and Saves Energy at an Automotive Glass Plant. (Best Practices Assessment Case Study),
Office of Industrial Technologies, Department of Energy, Washington, DC, March.

OTA (1993). Industrial Energy Efficiency. Office of Technology Assessment. Government Printing
Office, Washington, D.C.

Papke, C. (1993). Glass Recycling and Reuse from Municipal Wastes. Recycling Sourcebook, Gale
Research Inc., NY.

Parekh, P. (2000). Investment Grade Compressed Air System Audit, Analysis, and Upgrade. In:
Proceedings 22nd National Industrial Energy Technology Conference. Houston, Texas. April 5-6: 270-
279.

Pieper, H., T. Platzer and J. Becher (1995). Comparison of Ecological and Economic Aspects of a
Modern Regenerative End — Fired Furnace and the Second Generation Sorg LONOx Melter. Glastech.

Ber. Glass Sci. Technol., 68 (7): 241-45.

Pieper, H. (1994). Large End-Fired Furnaces with a Melting Area of 100m* and More. Glastech. Ber.
Glass Sci. Technol. 67(8): 65-70.

Pieper, H. (1997). “Der Heutige Glasschmelzofenbau — Herausforderung zur Energieeinsparung und
Umweltvertraglichkeit” Glastechnische Berichte 8 70 pp.117-124

Portner, D. (1999). Experiences with an Oxy — fuel Container Furnace. Glass Industry, 80 (6): 25-28.

Price, A. and M.H. Ross (1989). Reducing Industrial Electricity Costs — an Automotive Case Study. The
Electricity Journal, July 1989: pp.40-51.

R P Adams Co. (1998). Energy Recovery Simplifies Process of Air Drying. Glass Industry, October: 29-
30.

Radgen, P. and E. Blaustein (Eds.) (2001). Compressed Air Systems in the European Union, Energy,
Emissions, Savings Potential and Policy Actions. Fraunhofer Institute, Karlsruhe, Germany.

Rikken, F. (2004). Creating an Optimal Batch Quality. www.glasstec-online.com/ne_topic_1204_2
Rue, D. (2004). Submerged Combustion Melting. Ceramic Bulletin October 2004 pp.18-20.

Rue, D.M., J. Servaites and W. Wolf. 2006. Industrial Glass Bandwith Analysis. Glass Technology
Institute, Des Plaines, IL. March 2006.

96


http://www.glasstec-online.com/ne_topic_1204_2

Ruth, M. and P. Dell’Anno (1997). An Industrial Ecology of the US Glass Industry. Resources Policy,
23(3): 109-124.

Sauer, T.C. and E. Lauwers (1994). “Neueste Ergebnisse beim Einsatz vaon Oxy-Fuel-Technologie in
Glasschmelzéfen” Glastechnische Berichte 10 67 pp.117-121.

Scales, B. (2002). Personal written communication.

Scales, W., and D. M. McCulloch (2007) Best Practices for Compressed Air Systems- Second Edition,
Compressed Air Challenge”. Washington, DC. http://www.compressedairchallenge.org/

Schaeffer, H. A. (1996). Recycling of Cullet and Filter Dust in the German Glass Industry. Glastech.
Ber./ Glass Sci Technol., 69 (4): 101-06.

Schatz, C. (1996). Flint Container Furnace Performance Bolstered by Oxy — fuel Burner. Glass
Industry, May: 22-23.

SenterNovem (2000). Successful Market Introduction of Infrared Inspection System for the Glass
Industry (Succesvolle marktintroductie van infrarood inspectiesysteem voor de glasindustrie).
SenterNovem, Utrecht, The Netherlands.

SenterNovem (2005a). Energy Recovery from Flue Gases from an Oxyfuel Gas Furnace (Hergebruik
Energie uit Rookgassen van een Oxyfuel Gasoven). SenterNovem, Utrecht, The Netherlands.

SenterNovem (2005b). Oxy-fueled Glass Furnace (Zuurstofgestookte Glasoven). SenterNovem,
Utrecht, The Netherlands.

Sezgen, 0. and J. G. Koomey (2000). Interaction between lighting and space condition energy use in
US commercial buildings. Energy 25 pp. 793-805.

Sicon (2005). http://www.environmental-expert.com/technology/sicon/sicon.htm. Accessed 11-05-
05

Smirnov, V. and C. Allen (2005). Development of a High Luminosity Flat Flame Burner. Glass April
2005, p.76.

SORG (2002). Website:
http://www.sorg.de/Englisch/Technology E/SORG_Systeme/Flexmetler_e.htm

Southern California Edison (SCE) (2003). Saving Money with Motors in Pharmaceutical Plants.

Southern California Edison Educational Publication. Rosemead, California.
http://ceel.org/ind/mot-sys/Pharm_Bro.pdf

97


http://www.environmental-expert.com/technology/sicon/sicon.htm.%20Accessed%2011-05-05
http://www.environmental-expert.com/technology/sicon/sicon.htm.%20Accessed%2011-05-05
http://www.sorg.de/Englisch/Technology_E/SORG_Systeme/Flexmetler_e.htm

Tamglass (2003). ProConvection™ Horizontal Convection Furnace. Pamphlet.

Thureson, O. and S. Persson (1997). Top Heating of the Glass Surface in an Electrically Heated Pot
Furnace. Glasteknisk Tidskrift 1 52 pp.8-11.

Toyota (2002). Personal communication with Brad Reed, Toyota Motor Manufacturing North
America, Inc., Kentucky, May 2002.

Turiel, I., B. Atkinson, S. Boghosian, P. Chan, J. Jennings, J. Lutz, J. McMahon, and G. Rosenquist
(1995). Evaluation of Advanced Technologies for Residential Appliances and Residential and
Commercial Lighting. Lawrence Berkeley National Laboratory, Berkeley, CA.

Tutterow, V. (1999). Energy Efficiency in Pumping Systems: Experience and Trends in the Pulp and
Paper Industry. Proc. 1999 ACEEE Summer Study on Energy Efficiency in Industry, American Council
for an Energy Efficient Economy, Washington, DC.

UNIDO (2000). UNIDO & Sustainable Industrial Development: Energy Conservation in the Glass
Industry. Ill. Promotion of Energy Conservation Technology.

http://www.unido.org/ssites/env/sectors/sectorsglass08d.html

Universal Dynamics (2003). Adaptive Control of Glass Bottle Manufacturing
http://www.brainwave.com/pdf/glassmax.pdf (accessed February 2003).

United States Census (1995). Statistics for Industry Groups and Industries: 1995. United States
Census Bureau, Washington, D.C. Report #M93(AS)-1.

United States Census (1996). Statistics for Industry Groups and Industries: 1994. United States
Census Bureau, Washington, D.C. Report #M94(AS)-1.

United States Census (1998). Statistics for Industry Groups and Industries: 1996. United States
Census Bureau, Washington, D.C. Report #M96(AS)-1.

United States Census (2001). Current industrial reports - Inorganic chemicals: Bureau of the Census,
MQ325A(99).

United States Census (2003). Statistics for Industry Groups and Industries: 2001. United States
Census Bureau, Washington, D.C. Report #M01(AS)-1.

United States Census (2005a). Statistics for Industry Groups and Industries: 2003. United States
Census Bureau, Washington, D.C. Report #M03(AS)-1 (RV).

United States Census (2005b). U.S. International Trade Statistics by 6-Digit NAICS Code. United
States Census Bureau, Washington, D.C. http://censtats.census.gov/naic3_6/naics3_6.shtml

98


http://www.unido.org/ssites/env/sectors/sectorsglass08d.html
http://www.brainwave.com/pdf/glassmax.pdf
http://censtats.census.gov/naic3_6/naics3_6.shtml

United States Department of Energy (DOE) (1996). Replacing an Oversized and Underloaded Electric
Motor. Office of Energy Efficiency and Renewable Energy, Industrial Technologies Program,
Washington, D.C. Fact Sheet DOE/GO-10096-287.

United States Department of Energy (DOE) (2001a). Processed Glass Provides an Economically
Superior Material for Use in Abrasive Waterjet Cutting Systems. Office of Industrial Technologies,
Washington, D.C. Glass Fact Sheet |I-GL-767.

United States Department of Energy (DOE) (2001b). Office of Industrial Technologies, Energy
Efficiency and Renewable Energy. Best Practices Program. Information on steam.
http://www.oit.doe.gov/ bestpractices/steam/

United States Department of Energy (DOE) (2002a). Energy and Environmental Profile of the Glass
Industry. Office of Industrial Technologies, Department of Energy, Washington, DC.

United States Department of Energy (DOE) (2002b). Audits Highlight Savings Opportunities. Office of
Industrial Technologies, Washington, D.C.

United States Department of Energy (DOE) (2003). Compressed Air System Upgrade Improves
Production at an Automotive Glass Plant. Office of Industrial Technologies, Washington, D.C.

United States Department of Energy (DOE) (2004a). Glass Industry Analysis Brief. Energy Information
Administration, Washington, D.C. http://www.eia.doe.gov/emeu/mecs/iab98/glass/index.html

United States Department of Energy (DOE) (2004b). Corning Inc.: Proposed Changes at Glass Plant
Indicate $26 Million in Potential Savings. Industrial Technologies Program, U.S. Department of
Energy, Washington, DC.

United States Department of Energy (DOE) (2004c). Energy Tips — Compressed Air: Remove
Condensate with Minimal Air Loss. Office of Energy Efficiency and Renewable Energy, Industrial
Technologies Program, Washington, D.C. Compressed Air Tip Sheet #13.

United States Department of Energy (DOE) (2004c). Energy Tips — Compressed Air: Eliminate
Inappropriate Uses of Compressed Air. Office of Energy Efficiency and Renewable Energy, Industrial
Technologies Program, Washington, D.C. Compressed Air Tip Sheet #2.

United States Department of Energy (DOE) (2004d). Energy Tips — Compressed Air: Alternative
Strategies for Low-Pressure End Uses. Office of Energy Efficiency and Renewable Energy, Industrial

Technologies Program, Washington, D.C. Compressed Air Tip Sheet #11.

United States Department of Energy (DOE) (2005a). Natural Gas Navigator: Prices. Energy
Information Administration, Washington, D.C. http://tonto.eia.doe.gov/dnav/ng/ng_pri_top.asp

99


http://www.oit.doe.gov/bestpractices/steam/steamsys/generate.shtml
http://www.oit.doe.gov/bestpractices/steam/steamsys/generate.shtml
http://www.eia.doe.gov/emeu/mecs/iab98/glass/index.html
http://tonto.eia.doe.gov/dnav/ng/ng_pri_top.asp

United States Department of Energy (DOE). (2005b). Energy Tips: Estimate Voltage Unbalance.
Information Sheet. Office of Industrial Technologies, Washington, DC. Motor Systems Tip Sheet #7.

United States Department of Energy (DOE) (2006). Save Energy Now in Your Motor-Driven Systems.
Office of Energy Efficiency and Renewable Energy, Industrial Technologies Program, Washington,
D.C. Report DOE/G0-102006-2276.

United States Department of Energy (DOE) and Compressed Air Challenge (CAC) (2003). Improving
Compressed Air System Performance - A Sourcebook for Industry. Office of Industrial Technologies,
Washington, D.C.

United States Environmental Protection Agency (EPA) (1995). Profile of the Stone, Clay, Glass and
Concrete Industry. US EPA, Washington, DC (EPA/310-R-95-017).

United States Environmental Protection Agency (EPA) (2001a). Green Lights Program (Currently part
of the ENERGY STAR Program). http://www.epa.gov/region07/specinit/p2/volprog/grnlight.htm.

United States Environmental Protection Agency (EPA) (2001b). Energy Star Transformers.
http://www.epa.gov/Region7/specinit/p2/volprog/estrans.htm.

United States Environmental Protection Agency (EPA) (2005a). Guidelines for Energy Management.
United States Environmental Protection Agency, Washington, D.C.
http://www.energystar.gov/index.cfm?c=guidelines.guidelines_index

United States Environmental Protection Agency (EPA) (2005b). Municipal Solid Waste Generation,
Recycling, and Disposal in the United States. Facts and Figures for 2003. US EPA, Washington, DC.

United States Environmental Protection Agency (EPA) (2006). Teaming Up To Save Energy
US EPA, Washington DC (Document 430-K-05-007).

Wagner, J. C. of the Gas Technology Institute (GTI) and R. A. Schrecengost of Synergistic Partners,
Inc. (2002). Oscillating Combustion Technology. Available from GTI.

Wang, Y., E. Forssberg, and J. Sachweh (2004). Dry Fine Comminution in a Stirred Media Mill -
MaxxMill®. International Journal of Mineral Processing 74S pp.S65-74.

Waste Resources & Action Programme (WRAP) (2004). Feasibility Study for the Reduction of Colour
within the Glass Furnace. WRAP, Banbury, Oxon, United Kingdom, March 2004.

Whittemore, 0.J. (1999). Energy Use and Efficiencies in Firing Ceramics, Melting Glass. The American
Ceramic Society Bulletin 78 pp.69-71.

100


http://www.epa.gov/Region7/specinit/p2/volprog/estrans.htm
http://www.epa.gov/Region7/specinit/p2/volprog/estrans.htm
http://www.energystar.gov/index.cfm?c=guidelines.guidelines_index

Wishnick, D., V. Smirnov, B. Hobson, J. Latter, K. Cook, D. Rue and M. Khinkis (2003). Development
and Commercialization of the Next Generation Oxygen-Fuel Burner. Ceramic Bulletin July 2003,
pp.9301-9307.

Wooley, E. (1992). Engineered Materials Handbook: Vol. 4 Ceramics and Glasses. Melting/Fining.
ASM International, Materials Park, OH.

Worrell, E., J.W. Bode, and J.G. de Beer (1997). Energy Efficient Technologies in Industry - Analysing
Research and Technology Development Strategies - The 'Atlas' Project. Department of Science,

Technology & Society, Utrecht University, Utrecht, The Netherlands.

Xenergy, Inc. (1998). United States Industrial Electric Motor Systems Market Opportunities
Assessment. U.S. Department of Energy’s Office of Industrial Technology, Washington, DC.

Zeitz, Ronald A. (Ed.) (1997). CIBO Energy Efficiency Handbook. Council of Industrial Boiler Owners,
Burke, Virginia.

101



8. iBILE
Al
APC

ASD
ASM

Btu
CAC
Cao
CDA
CFL
cfm
CGMS
CHP
CIPEC
co
CO,
EASA
EIA

ft?
ft®
GTI
HCl
HF
HID
hp
HVAC
IAC
ISO
kBtu

kcal

kw
kWh

R (Aluminum)

I& MM 1 F 45 il (Adaptive process control)

AJ JH# UK 51 2% (Adjustable speed drive)

(FEE N H 3 25)H)58& i 4E FE A Annual Survey of Manufactures (of the U.S.
Census)

1 (Boron)

LA LA (British Thermal Unit)

JE 4525 S bk (Compressed Air Challenge”)
A5 (£ 7K A7) (Calcium oxide (lime))

il )2 & Hr 2= (Copper Development Association)

/NG (Compact fluorescent lamp)

4341 57 )5 3 R (Cubic feet per minute)

Gob 74 4% 2 45 (Continuous Gob Monitoring System)

HHL = (Combined heat and power)

JnEE K L5 58T H (Canadian Industry Program for Energy Conservation)
— 454k B% (Carbon monoxide)

A ALH%(Carbon dioxide)

S W £ 4E 12 10 2= (Electric Apparatus Service Association)

(SE [ RE YR 0) BEJRAS S & L 5] (Energy Information Agency (U.S. Department
of Energy))

S5 9E R (Square feet)

3.7 95 R (Cubic feet)

& B RIS F AR 5243 (Gas Technology Institute)

L1 (Hydrochloric acid)

AL E (Hydrofluoric acid)

T5 R S LT (High-intensity discharge)

I J1(Horsepower)

%1l %5 i (Heating, ventilation, and air conditioning)

TV (BEJR)PEAE H Ca(Industrial Assessment Center)
FrbriEA2H 23 (International Organization for Standardization)
T EHERAT (Thousand British Thermal Unit)

T (Kilocalorie)

5 JT (Kilogram)

T FL(Kilowatt)

T FLH (Kilowatt-hour)

102



LBNL T 1A 72 F) [ 5% S5 % (Lawrence Berkeley National Laboratory)

LED 6 1% (Light-emitting diode)

m? P57 K(Square meters)

MASIS 8 Ak %5 T 2 48 (Mobile aerosol-sealant injection system)
MMBtu T <AL (Million British Thermal Units)

MECS A PP REFE A 25 (Manufacturing Energy Consumption Survey)

mm =K (Millimeter)

MPC PR T 425 il (Model-based predictive control)

MW JK FL(Megawatt)

MWh JE FLE (Megawatt-hour)

Na,O AL 49 (Sodium oxide)

NAICS Jb3E T k932K &2 45 (North American Industrial Classification System)
NBER [ 2% £ 55 B 93 J5) (National Bureau of Economic Research)

NEMA | 5% B85 1) 34 7 #1022 (National Electrical Manufacturers Association)
NLG faf >~ J& (Dutch Guilder)

NOx BEAY)(Nitrogen oxides)

0, A (Oxygen)

OEAS B AE R BUZE X (Oxygen enriched air staging)

Pb % (Lead)

PID Eb A -FH 4 -17 7342 il 22 (Proportional, integral, derivative (controller))
PLC A] g 742l 2% (Programmable Logic Controller)

PM $Ok ) )5 (Particulate matter)

PSA AR JE W B} (Pressure swing absorption)

psi %> 77 JEIF (Pounds per square inch)

psig 1551~ 77 JEIs} (U ) (Pounds per square inch (gauge))

PVSA H43A8 KW (Pressure vacuum swing absorption)

R&D it /< (Research and development)

SCM IR B RBEIE K (Submerged combustion melting)

SIC PrHEAT V4325 (Standard Industry Classification)

SFs 7N AL (Sulfur hexafluoride)

Sio, AR (7 JE)(Silicon dioxide (quartz))

SO; SR (Sulfur dioxide)

TBtu JEILHFRAT Trillion British Thermal Units

UNIDO e E TV & 2H 23 (United Nations Industrial Development Organization)
U.S. DOE =& [H e Y5 8 (United States Department of Energy)

U.S. EPA 2% [E P -3 (Unites States Environmental Protection Agency)

VSD Al A IR B 2% (Variable speed drive)

103



VVC A7 [ % 11 %% (Variable voltage control)

104



fis—: REERFE L] FEt

2004 FEEE R PRFEFH L)
AH] A - T M A M- Al
AFG Industries Victorville S Pilkington Lathrop S
Spring Hill HEEE Ottawa BT AR
Richmond I Laurinburg JERZ kg
Cinnaminson APEVE I Rossford BZ AR
Kingsport FH 24 75 PPG Industries Fresno Jm
Church Hill FH 4 75 Mount Zion BT AR
Flemington P 4E T Jé M Carlisle A M
Cardinal FG Mooresville R Z kg Meadville A e M
Durant B i ff M Wichita Falls JE P
Chehalis HE R Automotive Tulsa B LR
Menomenie BRI |Components Nashville FH 24 75 ]
Portage JBHTEREM Holdings, LLC
Guardian Industries Kingsburg M
DeWitt T fiif M
Carleton AR
Geneva ML
Floreffe TEA M
Richburg R KRG
Corsicana A

2 PR L) SO, 7E (2001 AEBEES L) 445% ) (2001 4F R BEETA) 5 BRI A
R T 5% B B T REIR S PR BTN | (2002 45 5% [ BEYSAR) 5 N P AR B R & B A R . 1K
SeTE L I e A RE R IE (2004 FEBEE T 45 ] (2004 F 1 K BIE ) 5 % A B 6.

105



2004 FEXREE pRBERE T

AH] A - 3T M Gl R N
Anchor Glass Jacksonville il % LR LI A 7] Madera pIipA|
Warner Robins V6 Dolton R AR
Lawrenceburg E[1 b 22 4 ) Lincoln R AR
Winchester EIT 3 22 44 1] Dunkirk B[ 22 40 M
Shakopee H Je TRik M Ruston % 5 Wi 22 HS I
Salem AHPEVEM Millford Elace gl
Elmira Heights AL Pevely 5
Henryetta By 7 A7 S M Henderson R kg
Owens-lllinois Los Angeles PPN Wilson R kg
Oakland pIIpAY Sapulpa By 7 g
Tracy pIpAl| Port Allegany A% B AN
Windsor R EVED L Waxahachie T
Atlanta PR R Seattle He BRI
Streator AR AR M Burlington JE T B AR M
Lapel El1Hh 22 44 1
Charlotte TR
Auburn HALIM
Winston-Salem b RZ RG]
Zanesville By s fr B
Muskogee B iy g L
Portland 3 XN
Brockway TEAEJE M
Clarion TEA LS M
Crenshaw B AV JE T
Waco TEIN
Danville YE3 Je W
Toano YE3 Je W

OF SRS T RE X, fE 12001 SEBIE T 4] (2001 4FEE RS HUE) S TR I A H
i T S8 BEE T REYR SR BTN | (2002 4F3€ [ REJR ) h 4 U R TE B 37 8 A s 7 I A el . X
SE T T S S B R [2004 AEPEES T 445 ] (2004 AF [ oK BT 5 & A T N
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2004 FREERFHMALET ™

AH] R - T M A -3 T N
CertainTeed Corp. Chowchilla i Owens Corning Eloy R S0
Athens EIRERIZA Fort Smith (CNSREVAT]
Kansas City BT N Santa Clara pIpAl|
Mountaintop A e M Fairburn IR ERIZL
Sherman ol Kansas City HEL I
GAF Materials Chester R RGN Delmar IRAPN
Nashville FH 4 74 Mt. Vernon ez M
Guardian Industries  Kingman M 44 Newark M
Albion S EAR N Huntingdon AR M
Mineral Wells il Aiken B R 2RI
Inwood PO 4E T JE TN Anderson R 2RI
Johns Manville Tucson LA SN Jackson FH 4 78 M
Corona Al Amarillo TN
Willows yIipAl| New Braunfels FEN
Winder (2) TRIE LM Waxahachie ol
Richmond ElHh 22 44 Salt Lake City PeAth
McPherson HEGE M PPG Industries Shelby JER B kg
Berlin AEPaM Lexington 62 KG9
Edison AEEVEMN Chester B R 2RI
Defiance (4) RZ AN Forest Y75 JE AL
Cleburne TN
Richmond 435 Je W

S A4 L) HE SO, AE (2001 EBEIE L) 445 (2001 4R E RIS T) 5 TR IR A H
R T 5% FE B Tl AR S PR EEMENL | (2002 4 3% [ BE YR F) 45 VA B 21 457 il B B 7 AR A 7
XUEHE T e R B2 (2004 SERE T 45 (2004 FH X PIEHUH) S & A w5 M.
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2004 EXEEE ISR IEB T2

AH] A - 3T M A Hh -3 T M

BT A ] Harrodsburg HH M OSRAM Sylvania  Versailles (2)  H 55N
Canton LM Winchester BRI
Corning (2) AHLM Lake Zurich PR
Blacksburg Y75 JE LM Hillsborough A A 2R
Danville Y35 RN Manchester HrEA A KN

GE Lighting Lexington IR St. Marys A 1E BTN
Somerset GEET CHIHRDIZ A salina HERE
Circleville ez AN Danville GEE
Logan B Z AN Bath LM
Niles ez AN Paris M
Bridgeville TEA LM Fairmont PEAE T JE
Winchester Y5 Jer N |World Kitchen Corning ALY

GE Quartz Cleveland HZ AR Massillon ez AN
Willoughby RZ AN Charleroi A7 YR JE M

Libbey Glass Shreveport % 5y Wt 22 G
Toledo ez AN

PSRRI T ORE X, fE [2001 AEBIE T 44 (2001 4EE RS HUE) S TR I A H
i T SE E BEE T EYR SR ETHEN | (2002 4F3€ [ REJRER) rh 4 A N Rr R B3 8 S G 7 I A F] . X
UBEE AT TR S RS R EE (2004 FEIFE T 445 (2004 4 K 3T 5 % 48 Tk
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&= T)” RTARATRIEATTREIER
T S G R R R AL SV R Ao A N BN AE B

i

TREMUE S HRE, BT BUAh, T NIE IVE AL R ROMCR I SR R S

A RTE, RIS SO LIRS AT AT R SAT 55, 2861 4017 (Caffal 1995).

o AL E R REVRTE #E . FEARZI A RESZ RO T, WA R,
WU AIHLER I, WUk e ], JEHGE — R AR S R B R BT, . sk 2
FIFE, AT B de v, AHRF RS, LAEAE R 3h IR AEE B 1A 1 B
€ GREE, I IRE.

R ERIAT G REATREARE ] H ARG .

I E BRI S R G, AR R KA 8] w] 56 E 30 E I BE
HILK (B FR K KRR 28R, BURS S SBIRILR T, 2t
g, UEREBE. ARG HBIRIRN, &K DLFNE,
JAAK

HELARHTT, BRABGRIEGHITE, WA, sEmLSeH,

AR BOE MR R A m, A RBOE R R SR, Wf, BELITE
B AN FEEARIR IR B0 177 R B

Fo A B I IS I AR A e BoE i

WG T A AN, TR G R R R R .

X AR RE B HEAT 2 IR IR

B DR Ak i s 1 BRI BE REAHEROR
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fix=. BEIREEIGIrEST

CHANGE FOR THE . o o
ENERGY STAR
3% -
S8 AR B HRAR L2 J2 A1 IR P2 i ( S ]
HORA BT s, 9B St B v
M RedsEE BRI, e T =, ‘
TR &
wE Bis

PREUEAT BRIR 2 2 ), 2 A1 22 TRy
SEEMTE NN EAEHERL .

EPHEFRAER BT SR E, ETIEIAHN K
REVRE N 51, LRV E BB 5 A fe
Rk, BT LR SRR
SO A e W 2 B M ouh ok F
http://www.energystar.gov/.

e {58 P AX S PP B
B b AR A2 VR L 0 1 T
AN G RIS AR, T R

o BCHILAEH

o AHEHENAL

HEFFPE

1. 3TENEPEAG bt o

2. KB CHLPALR TS SN AT LERL, SR S I AL TR B AT R
JZ.

3. KM B AT R R T, HBOtE Rt . U5 L, IR R LA
FEHCRE B I 5 RETR 2 RETRE B 3 I (i LE L.
WU B AT REIRE BB AL BOP IR, JPRIX P IRS AT — DAL
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REVR B E TR PP At b

BRI R RNE D
YIRS

ARZHENS

ARG FREL IR H R

S SE

g | A IR IR | A RSO P | A TIPS AR S
e S AT RN R
WS EE TN, BB
By 2 /\E fblé:“ g E 4 ol
AelR/NA N R BB TR X 4% AEIE R A 2 AT [P
HHR—E. REEME
B Z IERMBUR S R
VRO B IE R B 3 8 R A B A
BT 5L IRAE
BRI BRE /R | T T A A R,
) 3 IRy G]‘lﬂ: E/li:
FREBESIE | JLFRANE/RA IR . A R R
2 B A B L
AEE =
Bt e ARSI | g s it
kS
s
P4 A R AR 5
ST 5 B R EATS
B FE WA He AR 2 Wi LR
. VAT H AL AR R M 5 | FE AT ZAH, HEAT R | 5 AT P AR R He e 4
' HEAT 3 S B L WL W
8 R I B R
b o . BB 5
AW el P RIRE VEAS 5 A
BAR B S B A TR I 0 B TR A
B 0% H b7
I AN
HEliE b B AL B AT TrsmARREEmE | BRI
W H bR
VU S T E AR UG | TS R A F AR 2 Bt
e 3
RaHaER 7 e A7 7 0 T 4T T
//\ E‘
W AT et SRS | e
ACEELS:
BRI R
A AN B B
Eigzﬁfﬁ W HHLSHER T K | bf, RSN, Ll
" 3 4, L1 B O
MR E R TRl D
GIRIRTE SRR | 1A S R ﬁ‘@§E;; T s mma

REVRE ETHRI PP b
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R Lepei

K BAR. iRl et

AR SR EUE 2D REZHEN
é —Z
N S T3
SLIEATEI R
R . EXTRABAE FA I — L A | B T RO R AR
il B V@ TR BH ST A .
HLEM BT, & S
REEH WAHE B E HATE B BRI EL TR ﬁ‘if Fiﬁ
REVR A B H b
MRS RS, et
g ]34 )1 X N SRR
HEFRRETT A TR I o B RN LR R 33 T
S ERBRRAL RN GVEA | WRIMERA IR ES | SR, s, G
AR IR R B /R R BT JHHRE R K5
BRER R WA RNRIM RS L) AT AR R SE WAL 5 T e AR

R

SR VA GEwEs | P SRSk, i
A7

AR RS

BRI B FERpE | R RIS

=, BIEH

XA TTERET A A HIBA

BT R ; AT
F R ERLE il sl TR AT 30 -
A al (W B3
SEINBRY wH SIFﬁﬁ;ﬁEI’J?iZ;HM,\D‘E’] BURF /5 = 5 R G
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CHANGE FOR THE | ge e s 3m 3539 e
BETTER WITH

ENERGY STAR

ARG R
AR I Tl 15 BT R BRE T3 0BT K AT L, 3% B AR SRl 4R 2 15

\\\\\

SREIARE USR], AL O 4 St 3 0 b G, WOk ERoR . AT RER I,
PATE N & R HAT -

SO A IR ARUE R BT R iC, U 5B HARI eSS B HR, AT S B
SIS EHER, Z2OAEZEALNEI. "X GEHE EIHRIR S R4 5
RN SEHE NN, BT,

MM EIRFRAERSE) T 287 AL, NSustH LA REVRE B, AT T R

PR K B
AR ZIRMEF T RS RIR, AT HS LI AR R,

THRMRIEREIZ 2, IRATRATHY T~ — 2" D8R
1. B REVRE BRI A e WA R HAT B3 TT K AR S A BRI —
2. WL HERR LT, WA E IR B AR
3. WHEREHC R T HETEET.
4. IREZHRFFEMLRREEER, E L
http://www.energystar.gov/industry.

5. ATHRARBEIH AN SIREUE 2 5L
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PP REVRE 2 H S Rr E I R

LWL IR B SR — A B REYR

(U.S. EPA 2006), M1~ http://www.energystar.gov/

FRALREIRE B/ v

BEMI, AISE TR ER, THAWLEES
TAREME E M. BT EL. EHRMNER, A& HSEE M RE N B4k

= O

H He

REVR T AE WIRRENS 5 % R G (LEDT N . TR 55 N 0 M G & AF . s B 242
TN AR
e E BN 5 BEVR AR ) g A B U B R L 2 1000 RN AR D 4R AR 51

=

REUR/INAL

ROIR A EL S AL s/ TRBEAL. L 5HX A%, TEMAEREMS, R4t

(AFERA AFEBAR LN BRI STFE -

T =7 T BB S R G RE H AR S AL BT XUAAE . AT T AR/
Pl HEARN RGN, HidfEs).

S HRAR L BLEERT. B S e Rk, AR REIR A% SLBLTTRE .

AEVR /N H A 28

K1 5P OIS0 8, FEANALLH K C LM% .

ISP K REVRTTH FEN— BT, O TS — 6o REVR EAE AR S H RE R T
HE, HARER AEIRE/NLR A REIR I H SN ] o
FROLREVRE B/ N v
CEEFNANEI P BN G A TR Al L SRR S RN RN, AT TR
M REVR NI T, I3RS T HE % o
Al REVR NI T, 9 IE 3RS T AE % o
aRAEE CAEHAIRZI W E, EATRERMLE AL, M RRIREAE. A AEEBCROF R

Sl

REVE/INE AR

Gl TAERRI. BR3T. FEATEh R,

I =7

CFE T HATREMH TH 5L, IR BGE RERINLZ -
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BIrEeT

FEsCR/AMA
1

PR O BR R AR YRGS He o S B STt A7 DL 0 )

AT TP RET e I 2 5 RER el i 22 2 R B, kAR IE sURR S

RFEEIR OB R ARG TS EBRESD, I RETR AR A T

EREI SRBEENE. #EFRR B SRS maRIE L BIEL W . AE A
N BEE L FAR -

S STl AML 7 R IR E SN BUR .

N NUN N CUERAF AMRIIIINL S, H0 2 AR WIS, B ERA R, #o1fh

NHIZ5K: .

DA A A ] R RER AR IR0, IFAE 2 A AR IR BOB RN A, IARE
BESTIENSE

Rin5 % SRS A 2, S B R AT R
ShEERA CUEE S A A E REVR AT BEE RO A5 0o AR SR R AU B 32 S5 mT 3 B L

RrIEF RS

geRp/ N TAESRE

‘

gk Sl /N SHE R, FRR BRI AL
i B SERIH RN R8RS Ik s G A BE R SR i H s
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A RETLRERPEETR

A B LA Dok 57T RAT R RERCC R, WAE S5 RECT AR, LK
BT EET R T SRR S, AR S SEEBN 5 MBI H ol kY Ik AT
BAFHE IR — D EE . BARBITA B R ERMEEBNESR, EAREHR EER
] HE 2 PRI 1] A AGZE T A 3L

BRET A

RIKR ARG B R IPE T E (Steam System Assessment Tool)

fai S T 2R RS R s o B M, B&&5a i ike.
EH A EHZRRRGETAET

s AN # AL (13.6 MB)

BRRPAL: KRR

WXL http://www1.eere.energy.gov/industry/bestpractices/software.html

IR R GG 15471 T B (Steam System Scoping Tool)

faifr TN G AR AN T TR R A TR, K TR ARG
HIBERHL = -

G R prA TR R G R A AL

1% AR S A (Excel)

WAL SEEBEIRE

WXL - http://www1.eere.energy.gov/industry/bestpractices/software.html

3E Plus: AR PRI E LR IE R T A (Optimization of Insulation of Boiler Steam Lines)

fEi S IXASTEE N B, AT LA DU E # ) 5 G e 7 i o o) H 2R iR i
ITORIR, IBEMRAER . XA EAEA RGBT AT, REEE
B2/, BE M RE, THEEFERH S T8N — R RE M R
AL PEREC R .

AP RS T EEAR

S A R E A
BERHAL:  SEE IR
Rt - http://www1.eere.energy.gov/industry/bestpractices/software.html
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MotorMaster+ 1. E.

&g

& A4

s

K2 A,

Ak

RAmEAENEESEETH, A& H2MZiE. XTAGEH
PUEAAE B T H . 4ericsmig . Rt WHEEIHS . REFETHE.
MBS T

P ATk

AN BB AT DTG

5% FE e Y

http://www1.eere.energy.gov/industry/bestpractices/software.html

ASDMaster: ] iff 3 WX 3 tE A v & M B T B (Adjustable Speed Drive Evaluation
Methodology and Application)

faifr

& A

1% 2

K2 A,

AL

KGR T e, £ RERS &S5 AT, FFr ko8 AT i
WORSN A, B N2/ RE T, BN AS A S SR IR B A% 0 E
FEALAT ]

Tk

AR (F AT 3R

5 [ ¥, 3 HF 7T FT(EPRI), 3% 1-800- 832-7322

http://www.epri-peac.com/products/asdmaster/asdmaster.html

1-2-3 EHHLE T E (The 1-2-3 Approach to Motor Management)

faifr

X A

i

K2 A .

Pk -

XA IE R LS B F T HOR R, X HAURS 0 BALEER
B AT BERUHZIRAISE, TEVEIE R AT L B AT R Y R 1
Flas b, feH B

A ATk

A R AR IR Excel BT HHE R

[E brae a2, HIE 1-617-589-3949

http://www.motorsmatter.org/tools/123approach.html

AirMaster+: EHETS[ARASE T H AT A (Compressed Air System Assessment and

Analysis Software)

faifr

i A4

12X

RANEA T, @ EE ALE ik ERGE, WORE R R TR
LR S RE -
P 1 R 4 2 R GERIAT L

AR SR AT
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WAL SCEBEIRE

At http://www1.eere.energy.gov/industry/bestpractices/software.html

RAHLR G 1E4G T B (Fan System Assessment Tool , {&j#R FSAT)

fEi S KBRS TR (FSAT) R XL R GEA0AL J5 it e 5 K T AE AL 28
b EN . Z TARITEAVRARREFEE. #E R RSN, IF
XTI E I RNLR GE T RE T R IS EAE T RE &, InBLEAL.

EHBME: e RBLRSER A P

S Al R E A
BRI EEFEVRES
Rt « http://www1.eere.energy.gov/industry/bestpractices/software.html

#EELFZ M T E (Combined Heat and Power Application tool , &R CHP)

fai s I B T (CHP)YRT BAPR B T 7, PEASTE A R G WAL et
I Badr s BEdr . BURAS 5 RAGSHES B, A RGBS AT AT

B pra A

SR AR R A A
BERHA:  REFEIREE
PR ik« http://www1.eere.energy.gov/industry/bestpractices/software.html

2004 fEFE RGPl T E (Pump System Assessment Tool 2004 , f&iFR PSAT)

fEi S AT EA B T H P VAR RAISATH 3% . PSAT B AL %2
K TR IR MR EEE, DL MotorMaster+ 5045 o g e AL BE
AR, RITERBETRES AR A .

EHBE: AR T H A

S AR # A
PERHAL:  EEBEYEH
PR - « http://www1.eere.energy.gov/industry/bestpractices/software.html

T BeREHRIE 44T T E(Quick Plant Energy Profiler , fEi#K Quick PEP)

[EPIE T REFEPLE AT T H(BFR Quick PEP), &3 AR K IN— B
BATA, RETIVITEHEARTHRZRETE, RHIZT) GEHEKY
SR, RSB TREE S AR AR . Quick PEP X
it AHERPE AN, e FHBE T Quick PEP FEZRHFEXS
L) AR AR5 B LUE e b, BT B
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& A4
%3
R AR LA
B

P T T
FELR AT T A
5% e IR

http://www1.eere.energy.gov/industry/bestpractices/software.html

RelR 2z B &7 3# T E(ENERGY STAR Portfolio Manager)

&g

X A
W
KA A,

ALY TH, AT @S se ek I, Pk R iz
FIRERCR I S e FE @Ry E@H, BATIAL 457 1 & 100 HE
Ho S BEFEAE A F I RE BRI HE A 1) 2 il o

P 3 7 B SR A

LA TR

R EMRE

M. http://www.energystar.gov/index.cfm?c=evaluate performance.bus portfoliomanager

Db R BR 1 BY

TVPPAd 5 (ENERGY STAR Portfolio Manager)

faifr

T A

ke

K2 A,
Pk -

NG )T A e B I RE R S IR I VAL . REURE TR S E B N
30 PR TRZERMAIR 5F2AE, iz L) MRERBCRIBET Y, JFE
H FE RIS R UG -

FEHEBAT] 7,500 F578. L) LA 500 AR/ HIE)
TREAFHRSFAEGV L], S S A RN B RAE
53R A ST T AR B A5 TR

5 [ e 0

http://wwwl.eere.energy.gov/industry/bestpractices/iacs.html

BLAERTT RE PR (Save Energy Now Assessments)

&

3T H [ A
ke
KA A,
L

X2 I b 5% [ e YR A L) RERITREAT BV AL, H IAE B B 3G B N I
&), RS RIR S N A RS, Pl AU R AR S
s, A By LS RGeS AR5t

KRBT

FEL

5% [ e YR

http://www1.eere.energy.gov/industry/saveenergynow/
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gL R Ak 5% &R (Manufacturing Extension Partnership , %% MEP)

&

i A
i
K2R A,
Pk

HE AR RR HA R BN 400 2 4b4FE R H BT A R 4>
E M2, B RER MR NS R AR . B R NE S 1%
T B AR S RS, BFEEE A SRR SEH .

N T

5 & AT B R A EEHERR

5 B H Fhr B AR B 7T P, 14 1-301-975-5020

http://www.mep.nist.gov/

INBL ANV & 8 Ly (Small Business Development Center , f&j#R SBDC)

faifr

& A
i
K2 A,
Pk

FE/ N A A B (SBA) 51 B HV/NU AL R R HOIH , @A+
S[E ) 58 ANte, ANV R, SN Tk e
EW RIS, AR R RS OIE R, TgEs. B, 44
EH, THEEARESITM, g, BilS5HE AR,

N

51 1 ) /NS Al e e o0 BB R

FENRANE B R, HiE 1-800-8-ASK-SBA

http://www.sba.gov/sbdc/

Ae¥R Z B (ERGY STAR) -7 B4 NVi% W &5 e 34 i

EIPIE REVR 2 S22 TR0 sy RE R I N BE 46, JF AR T IR £E B4 1T REAR IR A 300
Ho 2RI~ RNy, Bk e BARIRE, IOYIX L i i R ek I
Fra SR EM R RERUR B I E . A BIETHENL. BEPL. 2R
Pl oy ZIpRE APl ITEIHL. 36 ISR A 4855

G R A BE AR IR R

B XA 3

BRAREAL  REIMRE

WXL - http://www.energystar.gov/index.cfm?c=business.bus index

ecyl|

fEVE 2 B (ENERGY STAR)
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=
>

& A4
i
K2 A,
Pk«

N THETSEHERIRE B RS, 25 “RIRZE” TH ke E B
NG, BA S AR E BN GE. NS H 20—,
AR IR A N DR ) S Stk RE YRS EEI H B A AR

I o
~A 5] HIREEE EEA R
AL At PR FL T 2 1L

S EIRE SR ORI SRR R AL

http://www.energystar.gov/

B fESZER I H (Best Practices Program)

faifr

& A
i
K2 A,
Pk

5 ] BE YR A0 1Y) o 2 S R I H SR ALE IR NIAT L, Jyde v LT et (M 4
TGRS AYLARG (BRI ES . RIS . S a2
I AET ER RGN RBFCR IR . R Se BT H
A HAR T HRE R & T BRI, 8 52O I .

BRSHRN G BRRE BN G T EHAR

AFEFEA 0TS 2 O — REECR AT =)

5 [E REVEIB TAL R AR Ip A 5

http://www1.eere.energy.gov/industry/bestpractices/training.html

E 4572 S Bk (Compressed Air Challenge”)

i

X A
ek
KA AL,
Pk

W4 55y B

FREANVE SR e 2 20 TPk, i K 5% [ 5 T K v A B AN

HAR w4 2 ARG RERG T AOFHR S B BRI =4
(1)FEREGE(—R): (2JBEBTZ(—R);3)8A S HIEE Tk A (=R,
AN ). BE I ) et B AR s AT BRI B S, FRBE SRR
A RARGEHAN G T TR

BRI > 2%

45725 kL : Info@compressedairchallenge.org

http://www.compressedairchallenge.org/
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N D IR BUR A SR AR B I B RE R BRI, i T2 SERAR 2 MR RERIR A
A RO B BRI (MR o Ak, X SR A, B,
FEDRFE A 3 BEREATHL B A, R U S A Pl o (M ESR O AT

FR B Tk (Industries of the Future) - 35 E REVR T

[EFIE SR REIR IS LA mAT LSRR IR R R, SR BB Ny
FEATN S B A EORIBOR AR, & R, I P I AT b 25 T A T
H 2%

SRR NERIURATIE: Rl 8By (%, MR, B, SB%IE. R,
i 5Nk

i (RRIEAT M) B AR) 50 7]

RPN SREREES TR p A

WXk . http://www.eere.energy.gov/industry/technologies/industries.html

R 815 £1# (Inventions & Innovations)

fEi S EANIH A S 40, 6 LU &7 e R 55 0B (D)0 E A AR
TIREAAE B B, TR H R PERERT (R 75,000 3EIT)s (2)HIUH,
AR JE AT R B R Ak (k250,000 FE0). TH HAEKAET, R
WA 24 AN AT Ml T I ) B e s ) A

EHER: AT (CAR BEREF LN E )

HE F B ]
PeRBAL:  EEEEIEH TUHEHARDBAE
MRt . http://www.eere.energy.gov/inventions/

EEH/PNRMVEF T (Small Business Administration , f&5#R SBA)

fEi S XN RV R (B B R Be A T EHOR), R E/NR A E S5t 1
Z IR S TR ORUETH H

EH A AR

T 5EE /N AVE R H PR
R FE/DNR A EES
DA k-« http://www.sba.gov/
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X EH &M 5377 K E

S5 S M BORE R 7 BB 7 Bl 56 RS E S 7 4 ML VP88 1 A2 75 S22
BB T S EOR SRS b, THL . 5 M B R T BN R, A
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EHIRIAR:  FraATk

BeARHAL:  EPRREMI 2 (CEE), HLTH 1-617-589-3949

PR k- « http://www.motorsmatter.org/tools/123approach.html

T — A LR 28 G YEHF 95 30 B (Public Interest Energy Research, f&#X PIER)
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PERBAL:  IINEEYRZ R, H1h 1-916- 654-4637
Rt - http://www.energy.ca.gov/pier/funding.html

T -REVR B3 /NGikb B 411K (Energy Innovations Small Grant Program , &R EISG)
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BCRHEAL:  IMEEIRZE 2, HIE 1-619-594-1049
R k- - http://www.energy.ca.gov/research/innovations/index.html/

JnH— A58 ¥ vH I B (Savings by Design)
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2. TR
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ENHLZ M — TALIH H (Industrial Programs)
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FEZHA7:  Energy Policy Division, 1-317-232-8970.

WXL - http://www.iedc.in.gov/Grants/index.asp

FZrreN -BAARREMREI K TR (Alternate Energy Revolving Loan Program, f&j#R

AERLP)
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At - http://www.energy.iastate.edu/funding/aerlp-index.html

AL — TIVHF A B (Industry Research and Development Programs)
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EHER: AL ETE AT
R FahEEH S
BEZRHAL:  NYSERDA, Hiif 1-866-NYSERDA

PRt « http://www.nyserda.org/programs/Commercial Industrial/default.asp?i=2

BT SE M — F7 R8N E & (Focus on Energy)
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PERBAL: BT RRE MATIEAL, H15 1-800-762-7077
PR k- « http://focusonenergy.com/portal.jsp?pageld=4
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